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PREFACE 



This manual is presented as a programmers' description of the 
RCA 501 System. As such, it emphasizes the Computer proper and 
includes only a general functional description of the associated 
peripheral devices in the RCA 501 System. Advanced programming 
techniques, operating procedures, and system analysis are not within 
the scope of this manual, but will be the subject of separate 
publications. 

Particular emphasis has been placed on the individual Computer 
instructions, to which the largest portion of this manual is devoted. 
For ready reference in programming, a summary of the instructions, 
including register settings and automatic functions, and a summary 
of instruction timing appear in the appendices. A glossary of terms 
and a list of abbreviations used in the text are also appended. 
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GENERAL DESCRIPTION 



The RCA 501 ELECTRONIC DATA PROCESSING 
SYSTEM is a general purpose, self-checking, readily 
expandable system, in the intermediate and large-scale 
performance class. The System incorporates extremely 
advanced logic, team-developed by engineers and pro- 
grammers, and based upon extensive study of the charac- 
teristics of commercial data. All-transistor logic and 
printed circuitry contribute to attainment of the original 
design objectives of combining the highest performance 
level with the lowest possible cost of equipment and 
maintenance. 

The RCA 501 is a complete system, capable of han- 
dling alpha-numeric data with magnetic tape, punched 
paper tape and punched card input and output, as well 
as printed output. In addition, drum storage devices 
provide fast random access, bulk storage for data and 
programs. 

System efficiency is enhanced by: 

• completely variable data organization, which 
conserves space on tape and in the internal 
memory and decreases processing time; 

• four-character parallel transfer; 

• increased data transfer rates; 

• addressable registers; 

• built-in and programmed accuracy controls, 
checking correct transfer of data in peripheral 
devices, into and out of the Computer, and with- 
in the Computer proper; additional controls 
ascertain correct arithmetic operations; 

• time-shared electronics, permitting simultaneous 
operation of input-output devices with Computer 
functions; 

• ready expandability of size of the internal 
memory and the type and number of peripheral 
devices. 

The Computer is a general purpose, digital, sequen- 
tially controlled, random access, transistor machine, 
consisting of a number of integrated units (and attend- 
ant power supply) : High-Speed Memory, Program 
Control, Tape Selecting and Buffer Unit, and Console 
with an associated Monitor Printer and Paper Tape 
Punch, and a Paper Tape Reader. 

The High-Speed Memory is a random access, mag- 
netic core device which provides stbrage and work area 
for programs and data. The memory is available in 
increments of 16,384 character locations and may be 



expanded to a maximum of 262,144 locations. Each 
location is individually addressable and can store any 
one of the sixty-four RCA characters. These characters 
(RCA 501 Code) include all the letters of the alphabet, 
the ten decimal digits, control symbols and special 
marks. One character or four characters in parallel can 
be addressed, brought into the Memory Register and 
regenerated in their original locations in one 15-micro- 
second cycle. 

The Program Control is the arithmetic and logical 
control element of the Computer. It interprets and 
executes the instructions of the program stored in the 
High-Speed Memory and performs the automatic ac- 
curacy checks. The Computer and the on-line peripheral 
devices operate in accordance with a stored program of 
two-address instructions. The instructions that can be 
executed by the Program Control include all the cate- 
gories necessary for processing of data: Input-Output, 
Data Handling, Arithmetic, and Decision and Control. 
Each instruction is made up of eight RCA characters 
and consists of four parts: (1) an operation code (read, 
multiply, transfer, etc.), (2) an A address (usually the 
High-Speed Memory address of an operand or the left 
boundary of an operand), (3) a B address (usually the 
High-Speed Memory address of an operand or right 
boundary), and an N code. The N code permits auto- 
matic modification of address A and/or B through the 
use of any of the seven (four static and three dynamic) 
Address Modifiers. 

The Tape Selecting and Buffer Unit-A permits 
connection of one to eight Tape Stations to the Com- 
puter, and controls reading from and writing to mag- 
netic tape on these stations. Program instructions desig- 
nate the appropriate Tape Station for input or output. 
The number of Tape Stations directly controlled by the 
Computer may be increased to as many as sixty-three by 
connection of a Tape Selecting Unit-B to each of the 
Unit-A trunk lines. Write-out from the Computer to 
magnetic tape is at the rate of 16,667 or 33,333 char- 
acters per second. Read-in from magnetic tape is at the 
rate of up to 33,333 characters per second. 

The Console provides for complete monitoring of 
operation of the Computer and the on-line devices, with 
panel display and control of register and status level 
action. Automatic and manual operation, maintenance, 
program insertion and program testing can be accom- 
plished from the Console. 
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Console facilities include: 

1. Manual start and stop at a given instruction or 
at a given address. 

2. Control and display of registers and counters. 

3. Accuracy-checking indicators. 

4. Indicators for currently performed instruction. 

5. Indicators for last or currently selected Tape 
Station. 

6. Control and display of Character Recognition 
flip-flops. 

7. Breakpoint switches. 

8. Alarm indicators. 

The Monitor Printer is an on-line device, similar to 
an electric typewriter, that prints on paper stock from 
information received directly from the Computer's 
memory. It operates at the rate of ten characters per 
second and is used primarily for program operational 
control, program testing, and exceptional types of out- 
put. The Paper Tape Punch associated with this device 
can produce seven-hole punched tape simultaneously 
with the Monitor Printer's output of hard copy. 

The Paper Tape Reader accepts seven-hole punched 
paper tape and operates at the rate of 400 characters 
per second. It is used largely for initial program inser- 
tion, program testing, "one-shot" programs, and inser- 
tion of periodically changing constants. 

High-Speed printing can be accomplished on-line 
(On-Line Printer) or off-line (Eleetro-Meelianieal 
Printer) in the RCA 501 System. The print line capacity 
is 120 characters and the print rate is 600 lines per 
minute. The On-Line Printer accepts data directly from 
the Computer memory and operates under the direction 
of the stored program. The Printer is converted to off- 
line by the addition of a Data Editor, operating then 
under the direction of a plugboard program and a 
paper tape loop, with information received directly 
from a Magnetic Tape Station. 

Included in the peripheral equipment complement for 
the RCA 501 System are a Card Transcriber, Transcrib- 
ing Card Punch, Tapewriter, Tapewriter- Verifier, and 
Random Access File. These devices are only briefly 
described here, since they will be fully detailed in 
separate manuals. 

The Card Transcriber is comprised of two units, a 
Card Reader and a Card Editor. The Card Reader 
may be used without the Editor, in which case editing 
is reserved for the Computer. This device converts 
characters on eighty-column punched cards to RCA 
coded characters on magnetic tape, at the rate of up to 
,400 cards per minute. The Card Reader includes a con- 
trol panel, an automatic card-handling mechanism and 
two card-reading stations. Each card is read at both 



stations, and the readings are compared as an accuracy 
check. The Card Editor permits rearrangement and 
selective transcription of card data and insertion of 
additional characters. The Card Transcriber employs 
transistor circuitry and accuracy checking, including 
parity, comparison and multi-punch checks. 

The Transcribing Card Punch converts RCA coded 
characters on magnetic tape to punched card code on 
80-column cards at the rate of 150 cards per minute. 
This device employs transistor circuitry and includes a 
card-punching unit and an electronics unit with a con- 
trol and indicator panel. The card-punching unit is 
comprised of an automatic card-handling mechanism, 
a card-punching station and a card-reading station. A 
manually wired plugboard is used to rearrange infor- 
mation, to provide for overpunching, and to insert 
special control symbols and additional characters. Ac- 
curacy controls include parity, correct data format, and 
correct punching checks. 

The Tapewriter and Tapewriter-Verifier are used 
for original preparation and verification of RCA coded, 
seven-hole punched paper tape for subsequent input to 
the Cpmputer via the Paper Tape Reader. These devices 
are keyboard operated and simultaneously print on paper 
stock the same information that is being punched on 
tape. The Tapewriter-Verifier automatically checks the 
accuracy of its output by comparison with a previously 
prepared (Tapewriter) punched paper tape. Whenever 
a character being punched on the Tapewriter-Verifier is 
not in agreement with the related character on the 
original tape, both the keyboard and the punch lock. 
Both devices will function at typing speeds up to 10 
characters per second, and both include parity checking. 

The Random Access File is a drum storage device 
which provides fast random access, bulk storage for 
data and programs and operates under automatic 
program control. Each unit has a capacity of at least 1.5 
million characters, with 192-millisecond average random 
access time to any data (167 milliseconds for drum 
access plus 25 milliseconds for relay switching between 
tracks). 

There are 300 tracks on the drum. The capacity of 
each track is 5000 alpha-numeric characters. The char- 
acter bits are recorded serially in each track around 
the drum. Bits are recorded or read at 6.7-microsecond 
intervals (character transfer rate, up to 18,700 per 
second). 

The drum code is eight-bit serial, with four "1" and 
four "0" bits per character. Conversion between this and 
the RCA 501 Code is handled automatically within the 
File Control Unit. 

The File Control Unit used in conjunction with the 
Random Access File enables the Computer to control 



and to read and write information on a maximum of 
twelve Random Access Files, in accordance with the 
Computer program. The File Control Unit can be con- 
nected to the Tape Selecting and Buffer Unit-A or B in 
the same manner as the Tape Station. Reading or writing 
of information on a Random Access File may be accom- 
plished simultaneously with other Computer functions. 
Simultaneous operation between the Computer and two 
Random Access Files is possible if each File is connected 
to a separate File Control Unit. 

Summary of Peripheral Equipment Performance 
On-Line 
Input: 

Paper tape 1000 characters per 

second 

Magnetic tape up to 33,333 characters 

per second 

Random Access File 18,700 characters per 

second 
Output: 

Magnetic tape 16,667 or 33,333 char- 
acters per second 

Paper Tape Punch 10 characters per sec- 
ond 

Monitor Printer 10 characters per sec- 
ond 

On-Line Printer 600 lines per minute, 

120 characters per line 

Random Access File 18,700 characters per 

second 
OQ-Line 
Input: 

Card Transcriber 400 cards per minute 

Tapewriter 10 characters per sec- 
ond 

Tapewriter- Verifier 10 characters per sec- 
ond 
Output : 

Electro-Mechanical Printer. . 600 lines per minute, 

120 characters per line 

Transcribing Card Punch. . . 150 cards per minute 

ACCURACY CONTROL 

Automatic accuracy controls incorporated in the RCA 
501 System are designed to prevent incorrect informa- 
tion from entering or leaving the System and are selec- 
tively engineered to avoid overloading the System with 
checks at non-critical points. 

Accuracy Ciiecking Techniques 

Parity Checking, Each character on tape carries an 
extra bit to make up an odd number of "1" bits on 



magnetic tape and an even number on paper tape. Cor- 
rect parity is ascertained on read-in, during data flow in 
the Computer, and on write-out. Parity checking in the 
501 System is well illustrated in reading and recording 
of data on magnetic tape. Each character transmitted by 
a user device (Computer, Card Transcriber, etc.), is 
checked for parity. On receipt of the character at the 
Tape Station, where it is recorded in duplicate, echo 
returns from the recording heads are parity checked in 
the Tape Station, and the user device is notified that the 
character was recorded successfully. The user devices 
also check parity on data received from tape. 

Dual Recording on Magnetic Tape. The bits of each 
character plus a timing bit are recorded in duplicate, 
in sixteen channels, across the width of the tape. All 
dually recorded bits of the character are read or written 
simultaneously. Either one of the two recorded spots 
for a single bit may be missing, and the bit can still be 
read. In addition to its value as an accuracy control 
measure, dual recording lengthens tape life. 

Automatic Rerun (Rollback). If a parity error does 
occur on a magnetic tape "read," the tape is auto- 
matically backed up and the read instruction is re- 
executed. The Computer stops, with Console indication 
of the reason for stoppage, if an error is detected on 
re-reading. (See Appendix I for description of Roll- 
back.) 

Arithmetic Accuracy Checking. Each arithmetic cycle 
of an arithmetic operation is performed twice, first with 
the original operands and then with the complements — 
all during the same time cycle — and the results are 
compared for agreement. 

Application of Accuracy Checking Techniques 

Program Control. The following Program Control 
conditions cause the Computer to stop: 

1. Incorrect parity in Memory Address Register. 

2. Incorrect parity in Memory Register. 

3. Arithmetic Unit malfunction. 

4. Incorrect parity on output of bus adder. 

5. Illegal operand in decimal operation. 

6. Incorrect parity in Normal Operation Register. 

7. Incorrect transfer of operation from Normal to 
Simultaneous Mode. 

8. Malfunction of previous result indicator. 

9. Time pulse generator malfunction. 

Input-Output. The following input-output conditions 
cause the Computer to stop : 

1. Tape Station reading extra bits in Intermessage 
Gap. 

2. Missing clock pulse when reading from Tape 
Station. 



3. Missing clock pulse when writing out from Com- 
puter. 

4. Tape Station does not obey control signals. 

5. Odd number of characters from paper tape block 
read. 

6. Second parity error in tape read (see Automatic 
Rerun). 

7. Incorrectly selected tape. 

8. Incorrect data format (incorrect Start Message-End 
Message sequence). 

9. Incorrect parity at the output of Computer write 
bufier or of the Tape Station writing head. 

10. Incorrect paper tape parity. 

11. On-Line Printer not operable. 

12. On-Line Printer paper supply low, 

THE RCA 501 NUMBERING SYSTEM 

The RCA 501 System employs a binary numbering 
system to represent information, utilizing seven binary 
digits, or bits, to represent each RCA character (see 
Organization of Data on Tape, page 6, and the RCA 
501 Code, Appendix II). 

The following table lists binary equivalents of deci- 
mal numbers as they might appear in a theoretical com- 
puter that employed, not a constant number of bits to 
represent each character, or decimal digit, but as many 
as a given decimal number required. 

A, Partial Table of Decimal and Binary Equivalents 
Decimal Binary 



1 1 

2 10 

3 11 

4 100 

5 101 

6 110 

7 111 

8 1000 

9 1001 

10 1010 

11 1011 

12 1100 

13 1101 

14 1110 

15 nil 

16 10000 
32 100000 

Binary-coded decimal representation employs four 
binary digits, or bits, to represent each decimal digit, 
e.g., decimal zero is represented as 0000, decimal 3 as 



0011, etc. Excess-3 binary-coded decimal representation 
adds 3 to each decimal digit and employs four bits to 
represent the resulting digit. An excess-3 binary-coded 
representation of decimal zero, then, looks like a binary- 
coded decimal 3; an excess-3 representation of decimal 
6 looks like a binary-coded decimal 9 (Table B). 

B. Table of Decimal, Binary-Coded Decimal, 
and Excess-3 Binary-Coded Decimal Equivalents 



Decimal 

1 
2 
3 
4 
5 
6 
7 
8 
9 



Binary-Coded 
Decimal 

0000 

0001 

0010 

0011 

0100 

0101 

Olio 

0111 

1000 

1001 



Excess-3 Binary 
Coded Decimal 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 



24 2^ 2^ 2' 
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Of the seven bits that make up each of the sixty- 
four RCA characters, the leftmost is the parity bit, used 
for accuracy checking; the remaining six are the infor- 
mation bits. The positional significance of the informa- 
tion bits increases from right to left (from 2" to 2^). 

bit p 

position 

bits x x x X X X x 

(x = Oorl) 

The rightmost four information bits (2° — 2^) con- 
stitute the arithmetic portion of a character. (Table 
B shows only the arithmetic bits.) The RCA Code is so 
devised that the leftmost two information bits (2^ and 
2*) are the same (01) for all decimal digits (0 through 
9); this permits the Computer to consider only the 
arithmetic portion of characters in decimal arithmetic 
operations (add, subtract, multiply, divide). Further, 
the arithmetic portion of each decimal digit is excess-3 
binary-coded decimal. The particular advantages here 
are (1) ease of complementation (note, in Table B, 
the reverse bit configuration for and 9, 1 and 8, 2 and 
7, 3 and 6, 4 and 5), and (2) a carry is propagated in 
addition of two excess-3 binary coded operands when- 
ever a carry would be propagated by addition of their 
decimal equivalents. 

RCA 501 programs are written in octal notation; this 
applies to data, addressing, and all instruction com- 
ponents. Octal notation serves as a mnemonic device for 
reading and writing binary representations of RCA 
characters (see Octal Equivalents in the RCA 501 Code, 
Appendix II). To read a binary code as octal: 



1. Ignore the parity bit and divide (visually) the 
information bits into two 3-bit groups; 

2. Read the two groups as one octal number by de- 
riving the octal digit for each group. 

Each group of three bits has a corresponding octal 

digit as follows : 

Octal Octal 

Bits Digit Bits Digit 

000 100 4 

001 1 101 5 
010 2 110 6 
Oil 3 111 7 

For example: 

1. The bit configuration for the letter "T" is 1110011. 
Ignoring the parity bit and dividing the informa- 
tion bits, one can easily see this as 110 Oil and 
read the octal equivalent as 63. 

2. The bit configuration for decimal digit "9" is 
0011100. 



2= 



20 



*'.". p 2^ 2* : 

position 

bits 1 1 10 

octal 3 4 

equivalent 
[34 = octal equivalent of decimal 9, or (9)io = (34)s]. 

Since internal addressing is octal and programs are 
entirely written in octal notation, only the digits 
through 7 will ever appear on an RCA 501 Computer 
Program Record (see Appendix III). 

ORGANIZATION OF DATA ON TAPE 

General 

The seven-bit binary code for each RCA character 
is listed in Appendix II. In the RCA 501 Code, the 
parity bit (P) is chosen to be a "one" or a "zero" so 
that every character will contain an even number of 
"one" bits on paper tape and an odd number on mag- 
netic tape. An eighth bit is recorded with each char- 
acter on magnetic tape for timing. 

Definitions 

Bit. A bit is a single binary digit, having a value of 
either or 1. 

Character. An RCA 501 character consists of six in- 
formation bits and one parity bit combined to represent 
a decimal digit, a letter of the alphabet, a punctuation 
or other special mark, or a control symbol (see The 
RCA 501 Code, Appendix II). 

Item. An item consists of such characters as are neces- 
sary to specify a particular unit of information (a 
numerical quantity, an alphabetic name, a street address. 



a stock number, etc.). An item is preceded by an Item 
Separator symbol (ISS). 

Message. A message consists of a Start Message sym- 
bol (SM) ; one or more related items, each preceded by 
an Item Separator symbol; and an End Message symbol 
(EM), in that order. 

Block. On magnetic tape, a block consists of eight or 
more characters, preceded and followed by an Inter- 
message Gap. Intra-block blanks must constitute less 
than 75 microseconds of tape time. 

On paper tape, a block consists of an even number of 
characters equal to or greater than sixteen, without 
intra-block blanks; it is preceded and followed by an 
Intermessage Gap. (Corrective overpunching, to delete 
a character, is ignored in this character count.) The 
characters must represent only the decimal digits 
through 7 (octal 23 through 32). (See discussion of 
decoding circuitry. Paper Tape Reader, page 10.) 

Blocks on magnetic or paper tape are read and written 
without regard to message structure rules — they are 
delineated by Gaps, rather than by control symbols, and 
need not contain any control symbols. 

Line. A line is composed of the characters from a 
single message which may be read from magnetic tape 
into the Electro-Mechanical Printer during a single read 
cycle. Each such line is terminated with an End Message 
(EM) or Line Shift (LS) symbol. The LS symbol ap- 
pears only as the last character of a line. When a Page 
Change (PC) symbol or an Item Separator symbol is 
used to provide an additional paper control symbol, it 
must always be followed by LS or EM and then the 
Intermessage Gap. Also, either EM or LS preceded and 
followed by an Intermessage Gap is a line and must 
be treated as such on tape. (In the Electro-Mechanical 
Printer, the maximum number of characters that can 
actually be printed is 120 per line. Each character space 
to appear in the printed line decreases the 120 maximum 
by one. On tape, a line may include non-print characters 
and control symbols in addition to the 120.) 

File. A file consists of any number of related informa- 
tion units, in message or block format; it may consist 
of several tapes (reels) or any part of one tape. A file 
is terminated by an End File (EF) symbol, preceded 
and followed by an Intermessage Gap. 

In a multi-tape file, all but the last tape are termi- 
nated by an End Data (ED) symbol alone, preceded 
and followed by an Intermessage Gap. The end of file 
on the last tape is indicated by an EF, preceded and 
followed by an Intermessage Gap. If this is a full tape, 
or a partially filled tape with no other valid information 
following the file data, an ED follows the EF, separated 
from it and followed by an Intermessage Gap. 
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Figure 3— Recording on Paper Tape 
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If more than one file appears on a tape, each file 
except the last is terminated by an EF only. The last 
complete file on a tape is terminated by an EF followed 
by an ED. 

ED and EF are each preceded and followed by an 
Intermessage Gap. They are never accompanied by 
Start and End Message symbols, and they may never 
appear within a message. 

If a file is read or written in block format, the ED 
and the EF are treated as separate blocks. If a file is 
read or written in message format, the ED and the EF 
are treated as separate messages. 

Intermessage Gap. An Intermessage Gap is a length 
of unrecorded tape sufficient to allow for Gap detection 
and stopping and starting of the tape. This is a mini- 
mum of 0.34" on magnetic tape (for block or message 
format). On paper tape, it is a minimum of three char- 
acter positions for message format and a minimum of 
four character positions for block format. 

Arrangement of Data on Tape 

Arrangement of Bits to Form Characters. Figure 3 
illustrates the arrangement of information on paper 
tape. There are seven data hole positions per row. Each 
row represents a character. The presence of a punched 
hole represents a "one" bit, and the absence of a hole 
represents a "zero" bit. The positions of the bits are 
numbered 2° through 2^, corresponding to the informa- 
tion and parity bit positions of an RCA binary coded 
character. A row with all seven channels (plus an extra, 
eighth, channel) punched indicates that the character 
in this row has been deleted; such punching does not 
represent an RCA 501 character (see The RCA 501 
Code, Appendix II). 

Bits are recorded on magnetic tape as magnetic spots 
in rows across the tape (Figure 4). Each bit is written 
in two locations as an accuracy control measure, giving 
16 tracks across the width of the tape (including the 
timing bit). Each of the two locations is capable of 
producing a standard signal. Thus, either one of the 
two recorded spots for a single bit of information may 
be missing, and the bit can still be read. 

Arrangement of Characters to Form Items. All char- 
acters are recorded on tape serially so that the characters 
making up an item follow one another in sequence from 
most to least significant. Each item is preceded by an 
Item Separator symbol. 

Each item of a message may have variable length. 
Inclusion of the Item Separator symbols allows the use 
of variable length items and the omission of items, 
without changing the positional significance of any item 
in the message (see Variable Item and Message Length, 
this page). 



Arrangement of Items to Form Messages. The items 
of a message follow one another in sequence, each being 
preceded by an Item Separator symbol. In every message 
of a given type, the «th item always has a given conno- 
tation. Therefore, a count of the Item Separator symbols, 
starting from the first or from a program-oriented point 
in a message, permits location and identification of any 
item. 

In the event that a particular item is omitted, the 
Item Separator symbol can be recorded on tape in its 
proper sequence when it is necessary to preserve the 
positional significance of the items that follow. How- 
ever, the Item Separator symbol for an omitted item 
may also be omitted if there is no valid information 
following it in the message. In this case, the End Mes- 
sage symbol follows immediately after the last item 
present.. This avoids writing an unnecessary number of 
consecutive Item Separator symbols at the end of a 
message. . 

All messages consist of a Start Message symbol fol- 
lowed by an Item Separator symbol and the characters 
of the first item, the succeeding items (each preceded 
by an Item Separator symbol), and an End Message 
symbol, in that order. The SM and EM symbols appear 
only in the positions defined herein. 

Miscellaneous 

Equipments that record data on magnetic tape provide 
for erasing a minimum length of 1.35" at the beginning 
of each tape before recording. The equipment recognizes 
the beginning of the tape by a Beginning of Tape Level 
which is generated by a permanent indicator (Beginning 
of Tape Control) in a fixed position on the magnetic 
tape (not an RCA 501 character). 

An end of tape warning (ETW) device is provided 
to indicate that approximately 5 feet of usable magnetic 
tape are available; this permits recording of an entire 
message and an End File and/or End Data symbol after 
the warning is received. This warning is not an RCA 
501 character, but is a signal generated by a permanent 
indicator in a fixed position on the tape. 

Variable Item and Message Length 

Data storage in the RCA 501 System incorporates 
true variable item length. This concept may be more 
fully appreciated if prefaced with a discussion of fixed 
and fixed variable word and block length. 

"Word" is generally defined as a fixed number of 
consecutive characters or character locations, and "block" 
as a fixed number of consecutive words, in primary or 
secondary storage. These terms, word and block, are 
more aptly used with respect to fixed and fixed variable 
systems, but are not particularly applicable to a true 
variable system. 



In a computer system employing fixed word length, 
the number of characters per word and the number of 
words per block are characteristic of the system, incor- 
porated in the circuitry. A computer with a fixed word 
length of 12 characters dictates the use of some multiple 
(not fraction) of 12 for each and every item (employee 
number, name, pay rate, etc.), in a message and a fixed 
number of words for each message in a file. If the 
employee number is made up of five digits, the word 
in which this item was stored would be filled out with 
redundant zeros or spaces (e.g., +64398000000). This 
would be true for each employee number in the file. 
The alternative of utilizing these zero-filled positions 
by packing more than one item into a word entails 
additional program instructions, with consequent in- 
creased processing time, and is possible only to a limited 
degree. Even with packing of words, the fixed block 
size may entail zero-filling of one or more entire words 
at the end of each block. 

In a fixed variable (non-standard maximum item 
length) system, the number of character positions for 
each item is assigned in accordance with the anticipated 
maximum for that item. In such a system, then, item 
(data field) layout is analogous to that used for punched 
cards. These lengths may be individually predetermined 
for each file, but remain constant for each message in 
the file. For example, in an inventory file, cost per unit 
might . vary from two cents for one stock number to 



some five-digit figure for another. This maximum would 
dictate that five character positions be used even where 
there is only one significant digit; two cents might then 
be written as 00002. Stock numbers in this file, however, 
could be assigned a different number of character posi- 
tions, stock description still a different number, and so 
on. Thus, fixed variable word length provides greater 
flexibility than does fixed word length. 

Data storage in a true variable item length system 
does not have the limitations imposed by fixed or fixed 
variable systems. In the RCA 501, the use of control 
symbols and the ability to address each character loca- 
tion individually permits the length of any item in any 
message to be in strict accordance with that item's actual 
character count. This allows for total variability of item 
and message length, but does not preclude the use of 
fixed or fixed variable lengths when the programmer 
finds this expedient. 

In each of these categories — fixed, fixed variable, and 
true variable — the method of internal storage is ex- 
tended to external storage; when redundant zeros or 
space characters are required to fill out a word in the 
computer memory, they are also carried on tape. With 
a given tape density (number of characters packed per 
inch) and a given tape speed (number of inches per 
second), a characteristic business file would require less 
tape footage and could be read and written out in less 
time when true variable item length is utilized. 



On-Line Peripheral Equipment. 



FUNCTIONAL DESCRIPTION 



PAPER TAPE READER 

The Paper Tape Reader associated with the RCA 501 
System is used to transcribe incoming data to magnetic 
tape, to enter data initially into the Computer during 
program testing, to transcribe programs, and to enter 
into the Computer periodically variable constants for 
production programs (e.g., today's date). 

The Paper Tape Reader is photoelectric and operates 
at the rate of 1000 characters per second. It uses one-inch 
wide, seven-hole punched tape; the seven channels across 
the width of the tape correspond to the seven bit posi- 
tions (six information bits and one parity bit) of an 
RCA character. Characters on punched paper tape have 
even parity. (See Figure 3.) When a character position 
on paper tape contains a punch in all seven channels, 
plus an eighth punch, this is interpreted as "delete 
character"; it is not an RCA character and no attempt 
is made to read it into the Computer. Information on 
paper tape may be in either message or block format. 

Since the tape does not stop immediately after the 
last character is read in, but may glide the equivalent 
of three character positions, a Gap (unpunched tape) 
of three character positions is left between successive 
messages, and four character positions between succes- 
sive blocks. 

To facilitate the insertion of programs, a special 
method is used to block read paper tape. Programs are 
written, on the code sheet, in octal notation. An RCA 
501 Tapewriter is used to create a punched paper tape 
from the code sheet, so that the program can be read 
into the Computer. One decimal key is depressed for 
every octal digit on the code sheet, thereby producing 
on the tape one RCA character (two octal digits) for 
every octal digit on the code sheet. 

In a block read from paper tape, characters auto- 
matically enter decoding circuitry before they are trans- 
ferred into the HSM. Decoding may be explained as 
follows: (23)8 is subtracted (binary subtraction) from 
the first character on tape, and the rightmost three bits 
of the difference are stored as the leftmost three bits 
of the decoded character; (23)8 is subtracted from the 
second character on tape, and the rightmost three bits 
of the difference are stored as the rightmost three bits 
of that decoded character. The combined result, with a 
parity bit generated, is then stored in the High-Speed 
Memory in the same fashion as are characters read from 
magnetic tape. The process is then repeated for each 



character on the paper tape until a Gap is recognized. 
On a block read from paper tape, then, the leftmost 
three bits (left octal digit) of each character stored in 
the HSM will be derived from the first, third, fifth, 
seventh, etc., character read in from the tape; and the 
rightmost three bits (right octal digit) will be derived 
from the second fourth, sixth, eighth, etc., character 
read in from the tape. When the last character on tape 
has entered the decoding circuitry, an alarm occurs if 
the count is less than sixteen, or an odd number. 

This process may be represented as follows: 

Instruction characters as they appear on code sheet: 

A N B 

05 014103 00 600000 

Octal digits 

punched on 23 30 23 24 27 24 23 26 23 23 31 23 23 23 23 23 

paper tape 

Automatically 

decodTng^ '" ^^ ^^ 2^ " " 23 23 23 23 23 23 23 23 23 23 23 
circuitry 

Difference 00 05 00 01 04 01 00 03 00 00 06 00 00 00 00 00 

Decoded 

characters 05 01 41 03 00 60 00 00 

stored in HSM 

This decoding occurs only when paper tape is read 

in block format, permitting the digits through 7 

(octal 23 through 32) to be properly decoded. Block 

format on paper tape is largely restricted to programs 

for initial insertion into the Computer. Data (as against 

program instructions) on paper tape are punched and 

read in message format, in standard RCA 501 Code, 

and are not subjected to code conversion. 

The following formula is used for paper tape read 
time: 

Total no. of char. -^ 400 = total time in seconds 
Start time is negligible for paper tape and is not 
considered a time factor. 

MONITOR PRINTER 

The Monitor Printer associated with the Computer 
Console prints out information from the High-Speed 
Memory of the Computer under the direction of the 
stored program at the rate of ten characters per second. 
Two modes of operation are possible : 

1. In Computer or program testing, a character will 
be printed for every RCA character that might be stored 
in the designated area of the High-Speed Memory. 
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Carriage return and a line shift automatically occur 
after printout of an End Message symbol or when the 
right-hand paper margin is reached. 

The table below shows the character that will be 
printed for each octal number in the High-Speed 
Memory [e.g., a space symbol, (01)8, in the HSM will 
be printed out as an underline, (23)8 will be printed out 
as a decimal zero, (24)3 as a decimal one, etc.]. 



2nd digit of 
^s,^ octal 
1st ^s. no. 
digit of ^s. 
octal no. 





1 


2 


3 


4 


5 


6 


7 





a 


Under- 
line 


t 


< 


) 


M 




$ 


1 


% 


, 


& 


/ 


minus 
sigrn 


* 




h 


2 


q 


r 


/ 





1 


2 


3 


4 


3 


5 


6 


7 


8 


9 


. 


# 


X 


4 


A 


B 


C 


D 


E 


F 


G 


H 


5 


I 


J 


K 


L 


M 


N 





P 


6 


Q 


R 


S 


T 


U 


V 


W 


X 


7 


Y 


Z 


s 


t 


• 


> 


< 


V 



2. For edited output, printing of space symbols. Item 
Separator symbols and End Message symbols can be 
suppressed. The End Message symbol, though sup- 
pressed, will still eflfect a carriage return and line shift. 
A suppressed space symbol will cause a horizontal shift 
of one character position. The Monitor Printer can 
thus be used for output of documents (summary totals, 
cost distributions, etc.), utilizing either pre-printed or 
blank paper stock. 

The Paper Tape Punch associated with the Monitor 
Printer is used for manual preparation of short paper 
tapes and for output of data from the Computer. 
Punching is activated by flipping the Punch Switch on 
the Monitor Printer to the ON position, in which case 
both punched tape and printed copy on the Monitor 
Printer are obtained. This mode of operation is subject 
to the restriction that printing of a lower-case letter 
(see Monitor Printer chart above) will cause the octal 
value of the corresponding upper-case letter to be 
punched in the tape. For example, if the character (00), 
is read out of the HSM, the lower-case letter "a" will 
be printed (Monitor Printer) and (40)8, the octal value 
of an upper-case "A," will be punched on tape. [Of 
course, if (40)8 is read out of the HSM, an upper-case 
"A" will be printed and (40)8 will be punched on tape.] 

Monitor Printer output time (with or without paper 
tape output) may be computed on the basis of the 
number of characters involved (total no. of char. -^ 10 



= total time in seconds). Start time is negligible and is 
not considered a time factor. 

ON-LINE PRINTER 

The On-Line Printer in the RCA 501 System is an 
all-transistor device which prepares output documents, 
printing data directly from the High-Speed Memory of 
the Computer. Data editing is accomplished in the 
Computer, under the direction of the stored program. 
Line skipping is controlled by the Computer program, 
either directly or through a Tape Loop on the Printer 
Unit. 

Two Computer instructions are directly associated 
with the On-Line Printer — one initiates printing and the 
other positions the paper for the next line of printing. 
The latter instruction may specify the number of lines 
the paper is to be advanced, or it may refer to one of 
two information channels in the Tape Loop on the 
Printer Unit. One channel (Vertical Tabulation) is 
referenced in order to advance the paper to specific 
lines within the confines of a page, and the other chan- 
nel (Page Change) is referenced to move the paper to 
the start of a new page. 

Maximum print capacities are 120 characters per line, 
10 characters per horizontal inch, and 6 lines per vertical 
inch. One line is printed in 66.7 milliseconds. For single- 
line paper advance, the paper motion time is 30 milli- 
seconds. Printing and paper motion time, then, total 
less than 100 milliseconds, permitting single-spaced 
printing at the rate of at least ten lines per second (6OO 
lines per minute). When more than three lines are 
skipped at one time, however, the paper advance rate 
is at least 30 lines per second. 

Paper stock may be single or multiple sheet fanfold, 
from 3 to 22 inches in width and up to 17 inches in 
sheet length. One original plus up to three carbons 
(11-pound paper and 7^-pound carbon) may be used. 
Hecto and Multilith master stock may also be used. 

Fifty-one RCA characters can be printed by the On- 
Line Printer. These include the 10 decimal digits, the 
26 letters of the alphabet, and the following punctuation 
marks and symbols: 



t 


comma 


* 


asterisk 


> 


semicolon 


& 


ampersand 


\ 


colon 

period 

apostrophe 


/ 

% 


virgule 
per cent 


( 


open parenthesis 


$ 


dollar sign 


) 


close parenthesis 


# 


number sign 




ditto or quotes 


— 


minus sign 



The occurrence in an HSM print-out sector of an RCA 
character other than one of the fifty-one listed above 
will leave a blank in the related position in the printed 
line, with the exception that (00)8 will result in an 
overprinting of the three symbols —, -f and @. (These 
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symbols, though present on the print wheel, normally 
have no RCA Code equivalents.) 

For accuracy control, a Printer Unit Inoperable alarm, 
which stops both the Printer and the Computer, is 
incorporated. Also, the Printer, by means of a micro- 
switch, can sense a "low paper" condition and send a 
warning signal to the Computer. When the Computer 
program calls for Tape Loop activation of a page change 
and a "low paper" signal is present, both the Computer 
and the Printer stop, after accomplishment of the page 
change, to permit replenishment of the paper supply. 
Thus, printing on a page is completed before the oper- 
ation is stopped. 

MAGNETIC TAPE STATION 

The Magnetic Tape Station is a fully automatic device, 
with transistor circuitry, which performs reading, writ- 
ing and erasing operations on %-inch wide Mylar base 
magnetic tape, under control of the user equipment. 
On each Tape Station, two lOJ-inch reels are mounted 
— a full reel and a take-up reel. The capacity of a reel 
is 2400 feet of tape, providing a minimum of 2300 feet 
of usable tape. Tape Station design facilitates manual 
interchange of reels, which can be accomplished in less 
than one minute. 

The Tape Station can be instructed to move the tape 
in a forward or reverse direction. It can be directed to 
move the tape with or without writing. It can read the 
tape with or without transferring characters into the 
High-Speed Memory. It can be instructed to read all 
of the data serially or search for specified symbols. The 
Tape Station can, in response to one instruction, unwind 
the tape to the end, or rewind it to the beginning. Writ- 
ing on magnetic tape is in the form of significant con- 
figurations of magnetic spots (see Organization of Data 
on Tape and Figure 4). 

The Tape Station writes at the rate of up to 33,333 
characters per second (33.3 KC). It accomplishes this 
by writing 333.3 characters to the inch while moving 
the tape at a speed of 100 inches per second. Infor- 
mation on magnetic tape is read at this same rate. It 
takes only 30 microseconds to read a character on tape 
into the High-Speed Memory, or to write a character 
from the memory onto magnetic tape. 



Gaps on magnetic tape between messages or blocks 
are 0.34 inch. Part of the gap is attributable to the fact 
that tape glides for a short distance after being com- 
manded to stop. On a tape write, 3.5 milliseconds elapse 
between the tape start command and write-out of the 
first character from the High-Speed Memory. The same 
time lapse occurs on a tape read. A lapse of 4.5 (±0.9) 
milliseconds occurs when a read-reverse tape instruction 
immediately follows a write instruction for the same 
tape. There is otherwise no appreciable delay in switch- 
ing the direction of tape movement or in switching 
between reading and writing. 

Up to 63 Tape Stations can be directly addressed by 
the Computer. Eight Tape Stations can be connected to 
Tape Switching and Buffer Unit-A. As additional Tape 
Stations are required in an installation, a Tape Switch- 
ing Unit-B can be substituted for each of the original 
eight Tape Stations. The addition of one such unit will, 
therefore, permit as many as 15 Tape Stations to be 
connected (seven original and eight added) to the 
Computer. One A Unit and eight B Units are required 
to connect sixty-three Tape Stations to the Computer. 
Each Tape Station has a unique (octal) address, (00)g 
— (76)9. The 64th address, (77)8, is reserved for the 
Monitor Printer and the Paper Tape Punch and for the 
Paper Tape Reader. 

The first eight Tape Stations (attached to Unit-A) 
are Computer identified by the left digit of the tape 
selection number (00, 10, 20, 30 . . . 70). With only 
these eight Tape Stations in a system, then, any number 
from 10 to 17 will select Tape Station 10; 30 to 37 will 
select Tape Station 30, etc. Each Tape Station connected 
to a B-type unit must be addressed by its individual 
Tape Station number. For instance, if Tape Stations are 
connected to 30, 31, 34, 35 and 37 of the 30-37 octet, 
and 32, 33 or 36 is addressed, a "non-operable" alarm 
will occur and the Computer will stop. 

Tape Station accuracy controls include manual lock- 
out and "write interlock." Manual lockout is provided 
on each Tape Station to insure safe manual operation 
procedures. When the Lockout Switch of a Tape Station 
is in the ON position nothing can be written on the tape 
at that Station. A "write interlock" feature safeguards 
reference tapes from human error by preventing writing 
(and erasing). 
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The Computer. 



FUNCTIONAL DESCRIPTION 



HIGH-SPEED MEMORY 

The High-Speed Memory (HSM) in the RCA 501 
System is constructed in m odules. A module is made up 
of twenty-eigh t 64 x 64 m atrices of magnetic cores. Each 
core can represent one bit; a matrix of cores, then, 
represents 4,096 bits and a module represents 114,688 
bits. Since an RCA charar^f r js comprised of seven bits, 
each module can stQre /l6,384 J>characters in 16,384 in- 
dividual character locations. 

The HSM is expandable from one to sixteen modules 
(four banks, each with a capacity of 65,536 characters), 
or up to a maximum of 262,144 character locations. 
Each location in memory has a unique address, con- 
sisting of three RCA characters ( = three octal numbers 
= six octal digits), so that each location, or the contents 
thereof, is individually addressable. Though somewhat 
oversimplified, the HSM may be pictured as a rectangu- 
lar array of locations, with the smallest address in the 
upper left-hand corner and the largest address in the 
lower right-hand corner. The lowest address in the HSM 
is always (000000)8. Since the addressing scheme in the 
RCA 501 employs the octal number system, the highest 
address in a one-module memory is (037777)8 and the 
highest address in a sixteen-module memory is 
(777777)8. 

To decrease processing time, the HSM is constructed 
so that four characters (twenty-eight bits), in four con- 
secutive character locations, can be accessed in a single 
memory cycle. The Computer memory cycle is 15 micro- 
seconds; this means that characters may be addressed, 
brought into the Memory Register, and regenerated in 
their original locations every 15 microseconds. 

Each of these groups of four locations, or the contents 
thereof, is called a tetrad. A tetrad begins in a location 

addressed ( 0)3 or ( 4)^ and ends in a 

location addressed ( 3)g or ( 7)3, re- 
spectively. In diagrammatic representations of portions 
of the HSM throughout this manual, tetrads are de- 
lineated by heavy vertical lines, as shown below. 



0261 



'06 07 



ID E 



10 II 12 13 



F G 2 



14 15 16 17 



J K 5 9 



20 21 221 



3 xy 



The HSM address of each location shown in the 
above diagram consists of the two octal digits in the 
upper portion preceded by the four digits at the left 



(026106, 026107, etc.). The characters stored in 
these locations are shown in the lower portion of the 
diagram. 

As stated previously, each character location has a 
unique address. A tetrad ad dres^hoy"'^'^'', TTiiiy bcthf. 
address of any one of the four locations comBrisiojg _that 
tetrad. No matter which one of the four is addressed, 
the contents of the entire tetrad will be brought into 
the Memory Register. Depending on the instruction 
being executed, since some RCA 501 instructions deal 
with characters singly, and some by tetrads — all four 
characters in the tetrad, the rightmost three, or only 
the character from the specified location will be 
processed. 

For convenience in referring to the individual loca- 
tions or characters within a tetrad, when the specific 
address is not pertinent, the symbols Co, Cj, Cj, and C3 
are used. These symbols apply to any tetrad in the HSM 
and to characters in the Memory Register. 
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07 10 II 12 13 14 15 16 17 20 



F G 



J K 5 9 



♦ 44 + + 41444 

Ca Co Ci C2 Ca Co Ci C2 C3 Co 



Memory 
Register 



F G 2 2 



4 4 4 4 

CJo \^i C-2 C:t 



The primary purpose of the HSM is the storage of 
programs and data. These may be stored in any area of 
the memory, except that the first 164 locations (000000- 
000243) are reserved as Standard HSM Locations (see 
Appendix v Hj. 1 nis" reserved area stores data used for 
address modification, special accuracy routines, and data 
for which special counters would otherwise be required. 

THE BASIC INSTRUCTION 

Instruction Format 

Each of the forty-seven RCA 501 instructions consists 
of four parts, in the following order: 

1. Operation Code (a one-character code for add, 

subtract, item transfer, etc.) 

2. A Address (three-character HSM address of the 

augend, minuend, original location of 
an item, left boundary of a sector, etc.) 
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3. N Character (one-character code that can call for 

automatic modification of the A and/ 
or the B address; the N character is 
explained in greater detail under 
Automatic Address Modification) 

4. B Address (three-character HSM address of the 

addend, subtrahend, destination loca- 
tion for an item, right boundary of a 
sector, etc.) 
An instruction, then, is made up of eight RCA char- 
acters with the format OAAANBBB. 



O 



Operation 
Code 



AAA 



A 
address 



N 



N 
character 



BBB 



B 

address 



In most of the instructions, the entire A address refers 
to a High-Speed Memory location (or tetrad) and the 
entire B address refers to another High-Speed Memory 
location (or tetrad). In these cases, the components of 
the A address (AAA) or the B address (BBB) need not 
be differentiated. In some instructions, however, only 
a portion of the A address or of the B address is used, 
or one component may designate one value and the other 
component another value; for example, one part of the 
A address may be used to specify a symbol and the other 
part to designate a count, or one part of the B address 
denotes the Tape Station and the other part is ignored. 
In these instructions, the components of the A address 
are referred to as Aj, A2 and A3, and the components 
of the B address as Bj, Bj and B3. This is illustrated 
below (under Coded Instruction). 

Since each location in the High-Speed Memory is 
individually addressable, whenever instructions do not 
utilize the entire capacity of the A or B address, it is 
usually feasible for the programmer to employ the un- 
used (ignored) portion of the address for the storage 
of constants. 

Coded Instruction 

Instructions are coded in octal notation. Since the 
octal equivalent of an RCA character consists of two 
octal digits, a coded instruction will contain sixteen 
octal digits. 

Example of an instruction as coded by the program- 
mer: 16 720003 10 400000 



16 



Operation 
Code 



720003 

Ai A2 A3 



A 
address 



10 



N 
character 



400000 
B. B, R, 



B 

address 



Storage of Instructions 

Instructions are stored sequentially in the High-Speed 
Memory. Each instruction is stored in two successive 



HSM tetrads (eight locations) so that the Operation 
Code falls in the leftmost (Co) location of the first 
tetrad, with the A address in the remaining three loca- 
tions (C^, C2 and C3). The N character and the B 
address are in the same relative positions in the second 
tetrad — N in Co and B in Cj, C2 and C3. 

Staticizing 

An instruction can be interpreted and executed by 
Program Control only after it is brought out of the 
High-Speed Memory locations in which it has been 
stored, and its components placed in the proper registers. 
This process is called staticizing and is accomplished in 
two status levels. 

A status level lasts 15 microseconds and is the term 
applied to a series of pulses which open certain paths 
over which information can travel. A status level that 
opens paths leading to or from the High-Speed Memory 
is called a memory cycle. (Status level and memory cycle 
are not synonymous, since not all status levels are con- 
cerned with opening the paths leading to or from the 
High-Speed Memory.) Each status level has a specific 
function. In staticizing of each instruction, the first 
status level brings the tetrad OAAA into the Memory 
Register, from which O is sent to the Normal Operation 
(NO) Register and AAA to the A Register. The second 
status level brings the tetrad NBBB into the Memory 
Register, from which N is sent to the N Register and 
BBB to the B Register. 

Thus, staticizing time of 30 microseconds is constant 
for every instruction. The number of status levels in- 
volved, and their sequence, for execution (after stati- 
cizing) of a given instruction depends upon what must 
be accomplished by that instruction. 

Automatic Address Modification 

The first status level following staticizing checks the 
two octal digits comprising the N character in the N 
Register. If these digits are 00, the instruction will be 
executed as it was stored in the High-Speed Memory. 
If the first, or left-hand, octal digit is other than 0, the 
quantity stored in the location indexed by that digit will 
be added to the contents of the A Register (which has 
received the A address of the instruction) before the 
instruction is executed. If the second, or right-hand, 
octal digit is other than 0, the quantity stored in the 
location indexed by that digit will be added to the 
contents of the B Register (which has received the B 
address of the instruction) before the instruction is 
executed. 

The addition is octal. In effect, subtraction may be 
performed by storing the eight's complement of the 
subtrahend (either the unmodified address or the con- 
tents of the indexed location). The N character can 
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thus effect a decrease or increase of the contents of 
either the A or the B Register, or of both. 

Six status levels are used to modify each address. 
Automatic address modification time, therefore, is 90 
microseconds if one address is modified, and 180 micro- 
seconds if both addresses are modified. 

The locations, and their contents, accessed by the 
digits of the N character are called Address Modifiers. 
They permit modification not only of addresses, but 
data also. 

The locations associated with each octal digit that 
could appear in the N character are as follows: 

Octal Digit Location of Modifier 

1 HSM locations 000111-000113 

2 HSM locations 000221-000223* 

3 HSM locations 000131-000133 

4 P Registerf 

5 HSM locations 000151-000153 

6 T Register 

7 HSM locations 000171 - 000173 



* See STA, page 18. 

t Note that the P Register always contains the address of the 
next instruction in sequence (not the address of the instruction 
currently being executed). 

Four of these Address Modifiers (1, 3, 5 and 7) are 
static; that is, the contents remain as originally stored 
unless an instruction specifies that they be altered. 

Three of the Address Modifiers (2, 4 and 6) are 
dynamic. The contents of the P Register will change 
with each instruction performed; the contents of the T 
Register will change with each instruction that utilizes 
this register; the contents of standard HSM locations 
000221-000223 will change with each instruction in 
which STA is performed. 

Example of Automatic Address Modification: 

Assume the following instruction is stored in HSM 
locations 000460 - 000467 (000460 serves as the address 
of this instruction). 

A N B 

21 003100 03 000612 

Assume, also, that a part of the memory looks like 
this: 



Contents 



Address) ) 000131 000132 O00I33 

r 



04 



20 



13 



The octal digit 3 in the N character of the instruction 
will access HSM locations 000131-000133 and cause 
the contents 042013 to be added (octally) to the con- 
tents of the B Register (000612). Since the left-hand 
octal digit of the N character is 0, the contents of the A 



Register (003100) will not be changed. Consequently, 
the instruction actually executed will be 
21 003100 00 042625 

The instruction remains in HSM locations 000460- 
000467 as it was originally written and stored: 
21 003100 03 000612 

PROGRAM CONTROL 

Program Control is the arithmetic and control unit 
of the Computer. It interprets and executes the instruc- 
tions stored in the High-Speed Memory, directs the 
sequence of operations in the Computer, controls opera- 
tion of the on-line input-output devices, and performs 
the automatic accuracy checks. It includes the circuitry 
for electronic control, switching and buffering of up to 
eight input-output trunk lines. 

Program Control includes a number of specialized 
(by function) devices. Those which are of interest to 
the programmer are diagrammed in Figure 5 and are 
briefly described below, along with certain automatic 
Program Control functions. 

Registers 

The Memory Addressing Register stores the HSM 
address of the tetrad to be processed. The capacity of 
this register is three RCA characters (six octal digits). 

The Memory Register has a capacity of four RCA 
characters. It receives the tetrad contents that emerge 
from or are to be placed in the High-Speed Memory. A 
series of Memory Output Gates permit or inhibit en- 
trance into the Memory Register of any or all of the 
four characters that emerge from the HSM. 

The P Register holds the HSM address of the next 
instruction in sequence. 

The A Register has a capacity of three RCA charac- 
ters. It receives the A address of an instruction and, 
when necessary, holds the address of each character (or 
tetrad) being processed in the Normal Mode. 

The B Register has a capacity of three RCA charac- 
ters. It receives the B address of an instruction and, 
when necessary, holds the address of each character or 
tetrad being processed in the Normal Mode. When an 
instruction shifts from the Normal to the Simultaneous 
Mode, the B Register no longer holds the B address of 
the shifted instruction, but is utilized by the instruction 
which then occupies the Normal Mode. 

The B address is not sent to the B Register in three 
of the forty-seven instructions: Transfer Control (71), 
Set Register (72) and Store Register (73). 

The S Register has a capacity of three RCA characters. 
It assumes the function of the A Register for an opera- 
tion when it shifts into the Simultaneous Mode. 
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The T Register has a capacity of three RCA char- 
acters. It holds the third address when required by an 
instruction (e.g., HSM address for the quotient in a 
Decimal Divide instruction). In some instructions it is 
used as an internal counter. 

The NO (Normal Operation) Register has a capacity 
of one RCA character. It holds the Operation Code of 
the instruction currently being executed in the Normal 
Mode. 

The SO (Simultaneous Operation) Register has a 
capacity of one RCA character. It holds the Operation 
Code of the instruction currently being executed in the 
Simultaneous Mode. 

The N Register has a capacity of one RCA character. 
It holds the N Character of the currently processed 
instruction. 

The SR (Select Read) Register has a capacity of one 
RCA character. It holds the address of the input device 
used in a read operation. 

The SW (Select Write) Register has a capacity of one 
RCA character. It holds the address of the output device 
used in a write operation. [The SW Register is not used 
in the Print (On- Line Printer) instruction.] 

Addressable Registers. A, B, P, S and T are all 
addressable registers. Their contents may be convenient- 
ly set and/or stored for subsequent program reference. 

Buses 

The Address Bus is a three-character pathway con- 
necting the Memory Addressing Register with the A, B, 
P, S and T registers. Its terminal points are the Memory 
Addressing Register and the AB-DB Separator (see 
below, under Register Gates). 

The Data Bus is a four-character pathway between the 
Memory Register and the Interchange (see below, under 
Register Gates), with branches to allow the Cj, C2, and 
C3 characters to enter the AB-DB Separator and thus 
pass into the Address Bus. The Co character is drawn 
from this bus for the NO or N Register. 

The Single-Character Bus forms the connection be- 
tween the Interchange and the Arithmetic Unit. 

Register Gates 

Basically, the Register Gates control the entrance 
into, and the exit from, the various registers and buses. 
In addition to the two sets at each register (one set for 
entrance and the other for exit of information), there 
are two major groups of gates controlling information 
flow between the various buses: 

The Address Bus — Data Bus (AB-DB) Separator 
serves as the connection between the Address Bus and 
the Data Bus. 



The Interchange links the Data Bus with the Single- 
Character Bus. It selects the character to be passed from 
the four-character Data Bus onto the Single-Character 
Bus. It also selects the Data Bus line that is to transport 
the one-character output of the Arithmetic Unit. 

Bus Adder 

The Bus Adder is located along the Address Bus, 
separated from it by a set of register gates. The function 
of the Bus Adder is to modify the contents of the various 
three-character address registers (A, B, P, S and T). The 
Bus Adder can increase the contents of these registers 
by (01)g or (04)g or can decrease them by (01)5, (04)8 
or (10)3, thus permitting register contents, for example, 
to be directly related to the currently processed char- 
acters or tetrads. 

A-B Equality Circuit 

The A-B Equality Circuit is located between the A 
and B registers and is used to compare their contents. 
When they are equal, ^he A Counter-B Counter Equality 
Flip-Flop is set, indicating to the Computer that the 
instruction-defined sector has been processed and the 
instruction can be terminated. In instructions that 
specify the left and right boundaries of the HSM sector 
to be processed, (1) the contents of the A Register are 
increased, toward A-B equality, when the direction of 
operation is from left to right and (2) the contents of 
the B Register are decreased, toward A-B equality, when 
the direction of operation is from right to left. 

Arithmetic Unit 

The Arithmetic Unit includes three registers, each of 
one-character capacity, and an Adder Circuit. In an 
arithmetic operation, the L (left) Register holds one 
character of one operand and the R (right) Register 
holds one character of the other operand. These char- 
acters are added and the sum is placed in the one- 
character Adder Output Register, with a flip-flop indi- 
cating whether a carry was generated. The sum is 
accuracy-checked in the Adder Output Register, then 
transferred onto the One-Character Bus to be returned, 
via the Memory Register, to the High-Speed Memory. 

Previous Result Indicators (PRI's) 

The Previous Result Indicators, a set of three flip- 
flops, preserve the sign of the result — or the zero result 
— of an arithmetic operation for automatic reference 
by a subsequent decision instruction. If the result is 
positive, the Previous Result Positive (PRP) flip-flop 
is set; if negative, the Previous Result Negative (PRN) 
flip-flop is set; if zero, the Previous Result Zero (PRZ) 
flip-flop is set. 

The PRI's are set in all decimal arithmetic operations, 
in most of the binary arithmetic operations, in compare 
and certain search and transfer operations. 
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In addition to being automatically teferenced by a 
decision instruction, the PRI's are directly addressable 
by program. Current PRI settings can be stored in in- 
struction-designated HSM locations; also, any one of 
the PRI's can be set in accordance with program needs. 

Automatic Storage of Final Contents of 
A Register (STA) 

STA is an automatic operation which occurs at the 
conclusion of thirty-eight of the forty-seven RCA 501 
instructions. In STA, the final contents of the A Register 
are automatically stored in the standard High-Speed 
Memory locations 000221-000223. This permits the 
indirect use of the A Register as a dynamic Address 
Modifier. It is also a highly convenient programming 
device which can be utilized to eliminate memory- 
searching time for subsequent processing. If STA were 
not automatically performed, the final A Register con- 
tents for one instruction would be destroyed as soon 
as the next instruction was staticized. 

STA takes 15 microseconds and is performed in every 
instruction except those in the following list: 
Transfer Control (71) 
Conditional Transfer of Control (61 ) 
Tally (66) 
Set Register (72) 
Store Register (73) 
Tape Sense (63) 
Sense Simultaneous Gate (65) 
Control Simultaneous Gate (75) 
Sense Simultaneous Mode (62) 

Automatic Storage of Contents of 
P Register (STP) 

STP is an automatic operation which occurs when- 
ever control is to be transferred; that is, whenever the 
next instruction to be performed is not the one stored 
immediately following the current instruction. STP 
automatically stores the contents of the P Register in 
standard High-Speed Memory locations 000241-000243. 
Since the P Register always holds the address of the 
next instruction in sequence, the standard HSM locations 
may be accessed to construct, elsewhere in the HSM, a 
record of the instructions to which the program would 
have proceeded if transfer had not occurred. 

STP always occurs in the following two instructions: 

Transfer Control (71) 

Sense Simultaneous Gate (65) 

In the following four instructions, STP is performed 
only when control is actually transferred: 

Conditional Transfer of Control (61) 

Tally (66) 

Tape Sense (63) 

Sense Simultaneous Mode (62) 



Unlike STA, the STP function is not a time factor; 
it does not add to basic instruction processing time. 

Simultaneity (Time-Sharing Operations) 

Simultaneity in the Computer is defined as coincident 
execution of two instructions, both or one of which is 
an input-output instruction. 

All instructions are staticized in the Normal Mode. 
Some instructions must be totally executed in the 
Normal Mode. All but three of the input-output in- 
structions can be completed in either mode and are 
termed potentially simultaneous (PS) instructions. 

A potentially simultaneous instruction automatically 
shifts (any time after it is staticized) into, and is then 
completed in. Simultaneous if that mode is unoccupied 
by a previous instruction and if the Simultaneous Gate 
is open. This permits initiation (in the freed Normal 
Mode) of the next instruction in sequence. The two 
instructions are then executed with total or partial 
coincidence in time (time-shared). The exceptions are 
that two "read" instructions or two "write" instructions 
cannot be executed simultaneously. If, for instance, a 
"read" instruction is in process in the Simultaneous 
Mode and another "read" instruction is staticized in the 
Normal Mode, the latter instruction is not executed 
until the instruction in the Simultaneous Mode has been 
completed. 

Reading and writing may be accomplished simultan- 
eously as long as the two instructions do not involve 
the same Tape Station. If, for example, a "read" from 
Tape Station 20 is staticized while writing is in process 
at that Tape Station, the "read" will not be executed 
until writing has been completed. 

Trunk (77)8, however, can be time-shared by a paper 
tape "read" and a "write-out" to the Monitor Printer. 

Time-shared electronics in the Computer permits the 
following simultaneous operations: 

compute and magnetic tape write 
compute and paper tape punch 
compute and monitor print 

paper advance* and compute 

paper advance* and magnetic tape write 

paper advance* and paper tape punch 

paper advance* and monitor print 

paper tape read and compute 
paper tape read and magnetic tape write 
paper tape read and paper advance* 
paper tape read and paper tape punch 
paper tape read and monitor print 



* With an On-Line Printer. 
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magnetic tape read and compute 
magnetic tape read and magnetic tape write 
magnetic tape read and paper advance* 
magnetic tape read and paper tape punch 
magnetic tape read and monitor print 

Any one of the above-listed combinations is possible 
while, at the same time, any number of tapes are 
rewinding. 

Simultaneous operation within the Computer is made 
possible by the low-duty cycle of the High-Speed Mem- 
ory during execution of most of the input-output instruc- 
tions. The majority of the time required for the execu- 
tion of a tape instruction, for example, is used up in tape 
movement; the High-Speed Memory is involved only 
a very small fraction of that time. If properly controlled, 
therefore, the memory is available for other functions 
while it is waiting for the tape to be advanced. In order 
to accomplish this with a minimum of buffering and 
additional hardware, an interruption technique is em- 
ployed. That is, the sequence of instructions being exe- 
cuted simultaneously with the tape function is auto- 
matically interrupted when the memory must receive or 
transmit information in connection with the tape 
operation. 

The RCA 501 includes two Read buffers and two 
Write buffers; each has a capacity of four characters. 
One character from tape is clocked into the first Read 
Buffer in 30 microseconds, and the buffer is filled in 
120 microseconds. JThe entire contents shift into the 
second Read Buffer and then are transferred in parallel, 
in one status level (15 microseconds) into an HSM 
tetrad, The 30-microsecond clocking of characters from 
tape to buffer continues uninterrupted until the read 
instruction has been completed. 

* With an On-Line Printer. 



During 105 /xs of the 120-/xs buffer-filling time, the 
Computer is free to execute another instruction or in- 
structions. The number of instructions that can be exe- 
cuted simultaneously with any one read instruction 
depends upon the number of characters to be read in. 
Execution of these instructions is interrupted only for 
the 15-microsecond, transfer time. 

These same factors apply to "write" operations, ex- 
cept that the 15-microsecond interruption occurs with 
tetrad transfer from the HSM to the Write Buffer and 
the Computer is free during seven-eighths (105 /xs) of 
the 120 microseconds required to write out the four 
characters. 

Assuming a "read" instruction being executed in the 
Simultaneous Mode and "compute" functions (add, 
locate, compare, etc.) in the Normal Mode, simultaneity 
may be illustrated by the diagram below. (Each x repre- 
sents a character read in from tape; the shaded areas 
represent interruption of "compute" during buffer-to- 
HSM transfer.) 

The programmer can control the use of simultaneity 
by employing instructions which sense the state of and 
control the Simultaneous Gate. When open, this gate 
permits transition of potentially simultaneous instruc- 
tions from the Normal to the Simultaneous Mode. When 
closed, the gate prevents such transition so that all 
instructions are performed in the Normal Mode. It is 
thus possible to run programs entirely in the Normal 
Mode or to bracket off certain parts of programs in 
which transition to the Simultaneous Mode is not 
desirable. 

In addition, use of the instruction "Sense Simultan- 
eous Mode" provides the information that the Simul- 
taneous Mode is engaged in a "read," a "write" or a 
paper advance, or that it is totally unengaged. 
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The RCA 501 Instructions 



INTRODUCTION 



The Computer operates under the direction of forty- 
seven basic, wired-in, two-address instructions. For 
descriptive purposes, these instructions may be classified 
into four general categories: (1) Input-Output, (2) 
Data-Handling, (3) Arithmetic and (4) Decision and 
Control. 

Input-Outpuf Instructions 

These instructions enable the Computer to communi- 
cate with the on-line peripheral devices (Magnetic Tape 
Stations, Paper Tape Reader, Monitor Printer and Paper 
Tape Punch, On-Line Printer). They perform the func- 
tions of positioning or searching tapes, bringing data 
from an input medium into the Computer, or sending 
data from the Computer to an output medium. 

Most of the twelve instructions in this group are po- 
tentially simultaneous (PS); i.e., they can be executed 
in the Simultaneous Mode, so that operational time for 
these instructions can overlap that of other instructions. 
(See Simultaneity, page 18.) Two instructions. Single 
Sector Write (11) and Multiple Sector Write (13), are 
not PS instructions. One instruction. Print (02), occupies 
both modes and cannot be executed simultaneously with 
any other Computer-controlled operation. 

One input-output instruction. Rewind to BTC (17), 
is initiated by the Computer but, once underway, oper- 
ates completely independent of the Computer. Any 
number of tapes may be rewinding while two instruc- 
tions (unrelated to the rewinding tapes) are being 
simultaneously executed. 

After staticizing and address modification, a "read" 
instruction is automatically stored in standard High- 
Speed Memory locations 000020 - 000027. The instruc- 
tion in the standard locations is then available for a 
Rollback (rerun) routine if an error is detected by the 
checking circuitry (see description of Rollback, Appen- 
dix I) or for other program needs. 

Three "write" instructions — Linear Write (12), 
Single Sector Write (11) and Multiple Sector Write 
(13) — ^are automatically stored (after staticizing and 
address modification) in standard High-Speed Memory 
locations 000030 - 000037. 

Data-Handling Instructions 

These are non-arithmetic instructions for manipula- 
tion of data stored in the High-Speed Memory. The 
thirteen instructions included in this group permit 
operation control by symbol or by address, and transfer 
of data with or without editing. 

With the exception of Sector Locate wth Symbol (31), 
Zero Suppress (32) and Random Distribute (27), all 
data-handling sector and item instructions operate from 



right to left, i.e., processing begins with the larger 
specified HSM address and progresses to the smaller or 
to the Item Separator symbol. 

Arithmetic Instructions 

Four of the eleven instructions in this group are 
decimal arithmetic instructions, five are binary, and two 
are used to alter the bit configuration of an operand. 

The decimal instructions operate in accordance with 
arithmetic rules and are designed to handle operands of 
unequal and practically unlimited length. They employ 
the Computer's ability to recognize control symbols, so 
that the arithmetic process, in effect, is performed with 
alignment of the least significant digits and is terminated 
when the Item Separator symbol (ISS) or a space char- 
acter to the left of the longer operand is encountered. 
Thus, the need for the programmer to pre-position oper- 
ands, by shifting, is largely eliminated, since proper 
alignment will be achieved even if one (or both) of the 
operands as addressed contains a series of spaces to the 
right of the sign. 

The binary instructions handle operands of equal but 
unlimited length. Here length is not defined by the 
presence of a control symbol, but by address specifica- 
tion. Alignment of the operands must be programmed, 
since it is not automatically performed as in the decimal 
instructions. All the characters in the operands are 
treated as numerics, and the bits in each bit position 
are added together in accordance with the stated binary 
rules. 

Two instructions. Logical "and" (47) and Logical 
"or" (46), constitute what may be considered a sepa- 
rate arithmetic category. They are used to alter the bit 
configuration of an operand, by the employment of a 
second operand to "mask out" or to insert "1" bits. 

The Previous Result Indicators (PRI's) preserve the 
sign of the result of an arithmetic instruction for refer- 
ence by a subsequent decision instruction. (See page 17.) 

Decision and Control Instructions 

Seven of the eleven decision and control instructions 
influence the sequence of operation. Four of these are 
conditional; that is, they choose a path according to 
PRI settings, the kind of instruction currently in the 
Simultaneous Mode, the state of the Simultaneous Gates, 
or the status of a designated Tape Station. Two of the 
seven are unconditional commands, and one enables the 
Computer to execute the same subroutine any designated 
number of times. 

Two instructions enable the programmer to address 
registers directly; one instruction controls the Simul- 
taneous Gates; and one stops Computer operation. 
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Logic 

A logic subsection supplements the general descrip- 
tion prefacing each instruction. Internal logic is de- 
scribed not in every detail, but only to the extent that it 
contributes to attainment of the objectives of a pro- 
grammers' reference manual: (1) to help the program- 
mer gain a better understanding of Computer operation, 
(2) to permit him to vary the instructions, and their 
application, for individual problem solution, and (3) 
to enable him to develop advanced programming 
techniques. 

Timing 

Owing to the variable item length concept in the 
RCA 501 System, instruction times can be expressed 
only as a function of the number of significant characters 
involved in a given operation. For example, the time 
required to write out to tape depends on the number of 
characters to be written, and the time required to add 
two numbers together depends on the number of digits 
in the operands. 

The timing formulas for read and write instructions 
are applicable to magnetic tape since this is the most 
frequently used input-output medium. For other types 
of input or output, timing is governed largely by the 
input or output rate of the device used (see page 4 for 
input-output performance. Monitor Printer, Paper Tape 
Punch, Paper Tape Reader). 

The time, or timing formula, listed for each instruc- 
tion does not include staticizing, automatic address 
modification, or STA time. As stated previously: 

Staticizing time is 30 microseconds and is constant for 
each instruction. 

Automatic address modification occupies 90 mico- 
seconds if the A or the B address is modified; 180 
microseconds if both A and B are modified. 

STA occupies 15 microseconds. It is automatically 
performed in every instruction except in those in 
which it is specifically stated otherwise. 

Examples 

Wherever possible, the examples that accompany the 
instructions include a representation of the affected 
portion or portions of the High-Speed Memory. The 
contents of the HSM locations are shown as octal values 
in most of the binary instructions, and as decimal digits, 
alphabetic characters, symbols, etc., in other instructions. 

In each example, the subhead HSM before Instruction 
is executed is to be interpreted as before execution but 
after staticizing. The contents of the memory locations 
are not a£Fected by staticizing. The initial register set- 
tings [(A),, (B)i, (T),], however, reflect register con- 
tents after staticizing. 



Order of Presentation 

The instructions that follow are arranged in logical 
order of presentation, as follows : 

Register Manipulation P^ge 

Set Register (72) 23 

Store Register (73) 23 

Tape input 

Linear Read Forward (14) 24 

Linear Read Reverse (04) 24 

Block Read Forward (15) 25 

Block Read Reverse (05) 26 

Tape and Monitor Printer Output 

Linear Write (12) 27 

Single Sector Write (11) 28 

Multiple Sector Write (13) 29 

Tape Manipulation 

Unwind « Symbols (06) 30 

Rewind « Symbols (16) 30 

Rewind fo ETC (17) 31 

HSM Clear instructions 

Sector Clear by Character (34) 32 

Sector Clear by Tetrad (36) 32 

Data Transfer (HSM to HSM) instructions 

One-Character Transfer (22) 33 

Three-Character Transfer (25) 33 

Sector Transfer by Character (24) 34 

Sector Transfer by Tetrad (26) 35 

Item Transfer (21) 35 

Data Manipulation Instructions 

Locate «th Symbol in Sector (31) 36 

Random Distribute (27) 37 

Zero Suppress (32) 38 

Justify Right (33) 39 

Sector Compress — Retain Redundant ISS's (35) 4l 

Sector Compress — Delete Redundant ISS's (37) 4l 

Decimal Arithmetic instructions 

Decimal Add (51) 42 

Decimal Subtract (52) 44 

Decimal Multiply (53) 46 

Decimal Divide (54) 47 

Binary Arithmetic instructions 

Binary Add (41) 49 

Binary Subtract (42) 50 

Sector Compare (43) 51 

Three-Character Add i,44) 52 

Three-Character Subtract (45) 53 

Logical Arithmetic Instructions 

Logical "or" (46) 53 

Logical "and" (47) 54 

Sequence Determination Instructions 

Transfer Control (71) 55 

Conditional Transfer of Control (61) 56 

Tally (66) 56 

Return After Interrupt (77) 56 

Stop (76) 57 

Tape Sense (63) 57 

Line Printer Instructions 

Print (02) 57 

Paper Advance (03) 58 

instructions Pertaining to Simultaneity 

Sense Simultaneous Mode (62) 59 

Sense Simultaneous Gate (65) 59 

Control Simultaneous Gate (75) 60 
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72: Set Register (SET) 

General Description 

This instruction replaces the contents of a specified 
register with the A address of the instruction or sets a 
PRI. 



H::m 



Format 

A address — contains the act twl vjlut (not thc 4JSM 
location thereof) to be placed in the 
register designated by the Bj character. 
The A address for setting the PRI's is as 
follows : 

(000001)8 sets PRN 
(000002)8 sets PRZ 
(000004)8 sets PRP 
B address: 

Bi — specifies the register (or PRI's) to be set: 

B, Character Register Selected 

(10)8 PRI's 

(20)8 ^ Register 

(40)8 P Register 

(60)8 T Register 
B2B3 — ignored. 

Outline of Logic 

The Bi character is examined in the SW or the SR 
Register (the B address is not sent to the B Register) 
and used to select the register whose contents are to be 
replaced. The contents of the A address are then placed 
into the selected register. If the Bj character is anything 
other than one of the values listed above, the instruction 
will not be executed, but the timing will be the same 
as if it had been executed. No alarm stop will occur; 
the program will continue to the next instruction in 
sequence. If the A Register is designated to be set, the 
instruction goes through ST A; otherwise, it does not. 

Addressable Registers Used 

A 

Register specified 

Final Register Contents 

(A)f=(A). 

(B)( — (B)i (contents remaining from previous 
instruction) 

Timing 

15 /J.S, unless the A Register is to be set, in which 
case time is 30 juS. 

73: Store Register (STR) 

General Description 

This instruction places the contents of a selected 
register (or PRI setting) into the rightmost three loca- 
tions of a designated tetrad. 



Format 

A address — specifies the tetrad that is to receive the 

contents of the designated register. 
B address: 

Bi — specifies the PRI's or the register whose contents 
are to be stored. 



Bj Character 


Register Selected 


(10)8 


PRI's 


(30)8 


B Register 


(40)8 


P Register 


(50)8 


S Register 


(60)8 


T Register 


2B3 — ignored. 





Outline of Logic 

The Bi character is examined in the SW or the SR 
Register (the B address is not sent to the B Register). 
The contents of the designated register are then stored -^ 
in Qj^Ca and C of the tetrad specified by the A address; 
the original Co remainsundistur!^d. 

iinSe'Br'character in an STR instruction is (10)8, 
the value that will be stored in the tetrad specified by 
the A address will be (000001)8 if PRN is set, 
(000002)8 if PRZ is set, and (000004)8 if PRP is set. 

f"llf theBj^^aractefcJs-not one Trf-the-values-foied-^ 
(J^ prma f) fhc ins truction wi ll nn t he PY P fl l tPd hi l t thP -- 
timing aal- 1 bc.th£ sam e a; if it h nd btm uxt ewtedr-No 
a luim atup w !tt"6ccur; the program will continue to the 
next instruction in sequence. (Note that the A Register 
is not included in the list.) This instruction does not go 
through STA. 
Addressable Registers Used 
A Register specified 

Final Register Contents 
(A), = (A), - (01)8 

(B), = (B)i (contents remaining from previous 
instruction) 

Timing 

15 /xs. 

Example (STR) 

Instruction: ^73 010320 00 100000 

Assumption: PRP set as a result of a prior operation. 

HSM before Instruction is executed: 



14 iS 16 17 



0103 



01 16 11 30 



20 21 22 23 



72 00 00 00 



24 25 26 27 



00 10 00 00 ' 



(A), 



HSM after Instruction: 



0103 




14 IS 16 17 



01 16 11 30 



20 21 22 23 



72 00 00 04 



24 25 26 27 



00 10 00 00 



Ji- tk. 



(A), 







k\ RPf: ikV.^K.. 



14: Linear Read Forward (LRF) 

General Description 

This instruction brings one full message from mag- 
netic or punched paper tape into the HSM. It is a 
potentially simultaneous instruction. 

Format 

A address — specifies the tetrad which is to receive the 
SM, ED or EF. The SM (ED orJEF) will 
be placed in Q of the tetrad no matter 
which ot the four locations is specified by 
the A address. 
B address: 
Bj — address of the input unit; [(77)8 addresses the 

Paper Tape Reader] . 
B2B3 — ignored. 

Direction of Operation 

Left to right. 



Timing 

Total time in milliseconds = 3.575 + .03» 

where » is the total number of characters transferred. 

Example (LRF) 

Instruction: 14 116726 00 060000 



Tape (on Tape Station 06) 



> <aTUBE— Z46«159.95> 



T 



<»T \ 



Read-write head is 

in this gap before 

instruction 



Direction of 
Tape Movement 



Read-write head is 

in this gap after 

instruction 



HSM before Instruction is executed: 



1167 



23 



24 25 26 27 



B C D E 



30 31 32 33 



F G H I 



34 35 36 37 



J K L M 



(A). 



Direction of Tape Movement 

Forward. 

Outline of Logic 

A start signal is sent to the designated input device. 
Coincident with each pulse (or sprocket hole) in the 
timing track, a character is brought into a recogni- 
tion circuit. A check is performed to verify that the first 
character is an SM, ED or EF. The SM and the three 
characters following it are admitted into the Read 
Bufier, and then placed (four-character parallel trans- 
fer) in the HSM tetrad specified by the contents of the 
A Register. Tape-to-BuflEer transfer continues to overlap 
Buifer-to-HSM transfer until an EM is sensed, at which 
point a stop signal is sent to the input device. 

If the EM is not placed in C3 of a tetrad, then one, 
two or three spaces are generated to fill out the tetrad. 
The A (or S) Register is reset so that it holds the HSM 
"addr ess^W thieTfiM . 

The control symbols ED and EF, when standing 
alone, are treated as complete messages in themselves. 
Gaps on tape intervening between the SM and EM are 
ignored by this instruction. 

Addressable Registers Used 

A or S B 

Final Register Contents 

(A), or (S), = the HSM address of the location 

containing the EM. 
(B)[ = (B)i (unless the instruction is concluded in 
the Simultaneous Mode). 



1167 



'40 41 42 43 



(N O P Q 



44 45 46 47 



R S T U 



50 51 52 53 



V W X Y 



54 



HSM after Instruction: 



1167 



" 


24 25 26 27 


30 31 32 33 


34 35 36 37) 


y 


< • T U 


B E - Z 


4 6*1 




Uc ■ 







1167 



40 41 42 43 


44 45 46 47 


50 51 52 53 


") 


5 9.9 


5 > ~ ~ 


V W X Y 


4 



(A), 

Pinal register contents: 

(A), or (S)t = 116745 

(B)( = 060000 (unless the instruction is concluded 
in the Simultaneous Mode). 
Time: 

3.575 + (.03 X 18) = 4.115 ms. 



04: Linear Read Reverse (LRR) 

General Description 

This instruction transfers one message from magnetic 
or paper tape to the HSM. It is a potentially simul- 
taneous instruction. Though the tape is read in reverse, 
the characters will be placed in the HSM in their proper 
relative positions. LRR is most useful in sort routines 
since it saves rewind time. 
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Format 

A address — specifies the t etrad in w hich the EM,is Jo 
b e stored. Any one of the four locat ions 
may b e^ specifi ed; the JAJ^ however, will 
always be placed in Q^ 
B address: 

Bj — specifies the input device. [(77)8 addresses the 
Paper Tape Reader.] 
— ignored. 



B2B3 



Direction of Operation 

Right to left. 

Direction of Tape Movement 

Ma gnetic tape moves in rev ers e. Paper^^ge^moye^Jp 
, the forward direction. In LRR, howiverTcEiracters on 
paper tape must come in as if the tape were moving in 
reverse, i.e., EM first and SM last. This may be accom- 
plished by manually reversing and inverting a paper 
tape which was prepared in normal fashion. (LRR from 
paper tape is used in program testing.) 

Outline of Logic 

A start signal is sent to the designated input device. 
Coincident with each pulse (or sprocket hole) in the 
timing track, a character is brought into a recognition 
circuit. A check is performed to verify that the first 
character is an EM, ED or EF. (If the first character 
is not one of these three, an alarm stop occurs.) The 
EM and the three characters following it are admitted 
into the Read Buffer and then placed (tetrad transfer) 
in the HSM. Characters are placed in the HSM begin- 
ning with the rightmost location of the tetrad specified 
by the contents of the A Register. The operation stops 
when an SM (ED or EF) is sensed. 

If the SM (ED or EF) is placed in Cj, C2 or C3 of a 
tetrad, one, two or three spaces, respectively, will be 
generated to fill out the tetrad. In any event, the A 
(or S) Register is reset so that it holds the HSM addres s 
of the SM (ED or EF). 

m il II.— « n« ' " n w— iB i nr awM.. j^ M WuiuMmumw i** 

Gaps on tape intervening between the EM and SM 
are ignored by this instruction; the message is read as 
if it were free of gaps. 

Addressable Registers Used 

A (or S if the operation is concluded in the Simul- 
taneous Mode) 
B 

Final Register Contents 

(A), or (S), = address of HSM location of SM, ED 

or EF. 
(B)f = (B)i (unless instruction- is concluded in Sim- 
ultaneous Mode). 



Timing 

Total time in milliseconds = 3.575 + .03« 

where « is the total number of characters transferred. 

Example (LRR) 

Instruction: 04 120771 00 130000 



tape (on Tape Station 13) 



<»WHEEL»Z6»100> < ^ 



1 
Read-write head is 

in this gap after 

instruction 



Direction of 
Tape Movement 



Read-write head is 

in this gap before 

instruction 



HSM before Instruction is executed: 



1207 




50 51 52 53 



BCD 



54 55 56 57 



E F G H 



60 61 62 63 



I J K L 



Mf 



65 66 67 



1207 



NOP 



70 71 72 73 



Q R S T 



74 75 76 77 



U V W X 



(A). 



HSM after Instruction; 



1207 



( 50 51 


52 53 


54 55 56 57 


60 61 62 63 


V 


^A B 


C D 


— < • W 


HEEL 


•i 



(A)r 



65 66 67 



1207 



Z 6 • 



70 71 72 73 



1 > 



74 75 76 77 



U V W X 



Final register contents: 
(A)f or (S)r = 120755 

(B)( = 130000 (unless instruction is concluded in 
the Simultaneous Mode). 

Time: 

3.575 + (.03x 15) = 4.025 ms. 



15: Block Read Forward (BRF) 

General Description 

This instruction brings a block of characters from 
magnetic or punched paper tape into the HSM. Trans- 
fer from tape begins with the first character following 
a gap, and ends when the next gap is sensed. This 
instruction is potentially simultaneous. 

(See discussion of automatic decoding of characters 
on block read from paper tape, page 10.) 
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Format 

A address — specifies the tetrad whiAjwilJL j|g£give ihe 
first rhararter in th^ blO^H- this /'^'Taf*^'"" 
^*" ^]li^iIlJ^ £l§,CSd-i£L£* of the tetrad 
no matter which of its four locations is 
specified. 
B address: 

B, — address of the input unit; [(77)s addresses the 

Paper Tape Reader]. 
B2B3 — ignored. 

Direction of Operation 

Left to right. 

Direction of Tape Movement 

Forward. 

Outline of Logic 

A start signal is sent to the designated input unit. 
When the first four characters following the gap have 
been placed in the Buflfer, they are transferred (four- 
character parallel transfer) into the HSM. Tape-to- 
Bufler transfer continues to overlap Buffer-to-HSM 
transfer until a gap is detected by the input device. If 
the last character in the block is not placed in C3 of a 
tetrad, one, two or three spaces are generated to fill out 
the tetrad. The A (or S) Register is reset so that it holds 
the HSM address of the last character read. 

Addressable Registers Used 

A or S B 

Final Register Contents 

(A)f or (S),=HSM location containing the last 

character read. 
(B)f = (B)i (unless the operation is concluded in 
the Simultaneous Mode). 

Timing 

Total time in milliseconds = 3.575 + .03 (w + 6) 
where » is the total number of characters transferred. 

Example (BRF) 

Instruction: 15 123055 00 010000 

Tape (on Tape Station 01): 

\ 41 •FB698»FENDER •TR ^ 

Read-write head is •* Read-write head is 

in this gap before Direction of in this gap after 

instruction Tape Movement instruction 



HSM before Instruction is executed; 



1230 



50 51 52 53 



A B C D 



54 55 56 57 



E F G H 



60 61 62 63 



I J K L 



M 



(A), 



1230 



^65 66 67 


70 71 


72 73 


74 75 76 77 ^ 


jN P 


Q R 


S T 


U V w x( 



HSM ajter Instruction: 



1230 



' 50 51 52 53 


54 55 56 57 


60 61 62 63 


64) 


A B C D 


• F B 6 


9 8 • F 


■ 7 
E 



1230 



65 66 67 



iN D E 



70 71 72 73 



74 75 76 77 



U V W X 



Final register contents: 

(A)ror (S), = 123070 

(B)f = 010000 (unless the operation is concluded 
in the Simultaneous Mode). 
Time: 

3.575 + .03 (13 + 6) = 4.145 ms. 



05: Block Read Reverse CBRR) 
General Description 

This instruction transfers a block of characters from 
magnetic or punched paper tape into the HSM. Trans- 
fer begins with the first character following a gap and 
ends when the next gap is sensed. Though the tape 
moves in reverse, the characters will be placed in the 
HSM in their proper relative positions. The instruction 
is potentially simultaneous. 

(See discussion of automatic decoding of characters 
on block read from paper tape, page 10.) 

Format 

A address — specifies the tetrad which is to receive 
the first character (f ollowitig a gapj iread 
from the tape. Any one of the four loca- 
tions in the tetrad may be specified; the 
first char^ tsf, however, will ahvays be 
placed in C3. 
B address: 

B, — specifies the input device. [(77)8 addresses the 

Paper Tape Reader.] 
BoBj — ignored. 
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Direction of Operation 

Right to left. 

Direction of Tape Movement 

Magnetic tape moves in reverse. Paper tape is man- 
ually reversed and inverted and moves in the forward 
direction. 

Outline of Logic 

A start signal is sent to the designated input unit. 
The first four characters following the gap are placed in 
the Read Buffer and then (four-character parallel trans- 
fer) into the HSM tetrad specified by the A Register. 
The first character read from tape is placed in C3. The 
operation continues until a gap is detected. If the last 
character of the block is placed in Ci, C2 or C3 of a 
tetrad, one, two or three spaces, respectively, will be 
generated to fill out the tetrad. The A (or S) Register 
is reset so that it holds the HSM address of the last 
character read. 

Addressable Registers Used 

A or S B 

Final Register Contents 

(A) , or (S) t — HSM location containing the last 

character read. 
(B), = (B)i (unless the operation is concluded in 
the Simultaneous Mode). 

Timing 

Total time in milliseconds = 3.575 + .03 (» -f 6) 
where « is the total number of characters transferred. 

Example (BRR) 

Instruction: 05 076025 00 200000 

Tape (on Tape Station 20): 

^115 •DR1534»63»DV1908 .60^ 



HSM after Instruction: 



Read-write head is 

in this gap after 

instruction 



Direction of 
Tape Movement 



Read-write head is 

in this gap before 

instruction 



HSM before Instruction is executed: 



0760 



0760 



( 00 01 02 03 


04 05 06 07 


10 II 12 13 


'^) 


A B C D 


E F G H 


I J K L 


M 




( 15 16 17 


20 21 22 23 


24 25 26 27 


30 3! \ 


NOP 


Q R S T 


U V W X 


Y Z 



0760 



0760 



00 01 02 03 


04 05 06 07 


10 II 12 13 


" 


|A B C D 


• 


D R 1 5 


3 


(A)r 


^15 16 17 


20 21 22 23 


24 25 26 27 


30 31 \ 


\ 4 • 6 


3 • D V 


19 8 


Y Z 



(A). 



Final register contents: 
(A)f or (S)f = 076007 

(B), = 200000 (unless the operation is concluded in 
the Simultaneous Mode). 

Time: 

3.575 + .03 (17 + 6) = 4.265 ms. 



12: Linear Write (LW) 

General Description 

This instruction transfers one message from the HSM 
to magnetic tape, the Monitor Printer or to paper tape 
via the Monitor Printer. It is a potentially simultaneous 
instruction. 

Format 

A address — HSM location of the leftma st .character in 

the message to be w ri t teti. 
B address: """" 

Bi — address of the output unit; [(77)8 specifies the 
Monitor Printer, or the Paper Tape Punch via 
the Monitor Printer.] 
B2B3 — ignored. 

Direction of Operation 

Left to right. 

Direction of Tape Movement 

Forward. 

Outline of Logic 

A start signal is sent to the output unit. If this is a 
Tape Station, transfer of characters is delayed until the 
tape is moving at the proper speed. If output is to or 
via the Monitor Printer, there is no delay. 

The tetrad containing the leftmost character of the 
message, specified by the A Register, is placed in the 
Memory Register. If this character is EM, EF or ED, it 
is written out and the operation stops. If it is not 
EM, EF or ED, it is sent to the Write Buffer along with 
the adjacent characters (to the right) in the tetrad. 
HSM-to-Buffer transfer is overlapped with Buflfer-to- 
Tape (or Monitor Printer) transfer. The operation is 
terminated when an EM is written out. 
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Addressable Registers Used 

A or S B 

Final Register Contents 

(A)t or (S)f = HSM address of EM, EF or ED 
(B){ = (B)i (unless the instruction is concluded in 
the Simultaneous Mode). 

Timing 

Total time in milliseconds = 3-575 + .03« 

where « is the total number of characters transferred. 

Example (LW) 

Instruction: 12 072134 00 020000 



• leftmost HSM location of sector. 



Format 

A address ■ _____ 

B address — rightmost HSM location of sector. 
J^reset T Reg ister [see Set Register Instruction (72), 
page 23]. 
Tj — addr ess of output unit. J^X^^s) will select the 
Monitor Printer or the Paper Tape Punch via 
the Monitor Printer.] 
T2T3 — ignored. 

Direction of Operation 

Left to right. 

Direction of Tape Movement 

Forward. 



HSM before and after Instruction is executed: 



0721 



(- 


32 33 


34 35 36 37 


40 41 42 43 


44 45*^ 


2 


5 5 


< • P I 


P E - R 


»•) 



(A)i 



46 47 



0721 



50 51 52 53 



1 9 > 



54 



(A)r 



Tape (on Tape Station 02) contents after execution: 



i 



> <«PIPE— RB»2.19> 



3 



Read-write head is 

in this gap before 

instruction 



Direction of 
Tape Movement 



Read-write head is 

in this gap after 

instruction 



Final register contents: 
(A)(Or (S)( = 072152 

(B)( = 020000 (unless the instruction is concluded 
the Simultaneous Mode). 

Time: 

3.575 + (.03 X 15) = 4.025 ms. 



in 



Outline of Logic 

A start signal is sent to the designated output unit. 
The contents of the tetrad addressed by the A Register 
are read out of the HSM and into the Write Buffer. 
The contents of the A Register are increased by (04)8- 
Beginning with the character from the location specified 
by the A address and proceeding to the right, the 
characters are written onto tape (or the Monitor Printer) 
while the next four characters are being read into the 
Buffer. HSM-to-Buffer transfer continues to overlap 
Buffer-to-Tape transfer until the last tetrad in the 
sector has been transferred to the Buffer. The appro- 
priate number of characters from the last tetrad are 
written out and the A Register is reset so that it holds 
the HSM address of the last character written out. The 
operation is then terminated. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (B). (B), = (B)> (T),= (T), 

Timing 

Total time in milliseconds = 3.575 + .03« 

where « is the total number of characters transferred. 



11: Single Sector Write (SSW) 

General Description 

This instruction writes onto magnetic tape (or the 
Monitor Printer), in block format, the contents of a 
sector of any size, located in any area of the HSM. This 
instruction can be executed only in the Normal Mode. 
However, a prior "read" may, at the same time, be in 
the Simultaneous Mode. 



Example (SSW) 

Instruction: 11 024551 00 024562 

T Register is previously set to O6OOOO 

HSM before and after Instruction: 



0245 \ 


<^ 


50 51 52 53 


54 55 56 57 


60 61 62 63^ 


(' 


4 • P L 


A T E • 


3 2 •< 






(A). 




(B). 
(B)r 
(A). 
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Tape (on Tape Station 06) after execution. 

[ 



Read-write head is 

in this gap before 

instruction 



,40 •PLATE»302 

T~ 



1 



1 



Direction of 
Tape Movement 



Read-write head is 

in this gap after 

instruction 



(T), = 060000 



Final register contents: 

(A)e = 024562 (B), = 024562 

Time: 

3.575 + (.03 X 10) = 3.875 ms. 



13: Multiple Sector Write (MSW) 

General Description 

This instruction writes onto magnetic tape (or the 
Monitor Printer), a single block comprised of the con- 
tents of any number of sectors taken from various parts 
of the HSM under the direction of a stored list of 
addresses. This instruction is executed only in the 
Normal Mode. 

Format 

A address — specifies the leftmost tetrad of the listof, 
addresses. The contents of each tetrad in 
the list must be in the form KXXX , 
where XXX is the HSM address of the 
leftmost character of the sector to be 
written and K is the number (octal count) 
of character locations! in tl ji^ sgctor. When 
K is initially (00)9, sixty-four characters 
are written out. 

In the last address in the list, XXX must 
be (000000)8 and K is ignored. 
B address: 

Bi — address of the output unit; [(77)8 addresses the 
Monitor Printer or the Paper Tape Punch via 
the Monitor Printer], 
B2B3 — ignored. 

Direction of Operation 

Left to right. 

Direction of Tope Movement 

Forward. 

OHtline of Logic 

A start signal is sent to the designated output device. 
The XXX of the first address is placed in the T Register 
and in the Bus Adder, and K is placed in the L Regis- 
ter. XXX is examined first. If it is (000000), (tested 
in the Bus Adder), the operation ends. If XXX is not 
(000000)8, characters are read out of the HSM, by 
tetrad, and into the Write Buffer. As each tetrad is sent 
to the Buffer, the quantity stored in the L Register is 



decreased by (04 )8, and the result is tested. The first 
Buffer-to-Tape transfer will be less than four characters 
if XXX does not refer to C„ of a tetrad. Depending 
upon K, the last transfer may also be less than four. The 
number to be subtracted from the contents of the L 
Register is automatically adjusted in accordance with 
the initial K and XXX, so that final K (in the L Regis- 
ter) will always be (00)3. When the result is (00)9, the 
next address in the list is brought out of the HSM and 
placed in the T Register and in the Bus Adder. 

In MSW, blanks generated on magnetic tape between 
one KXXX and the next will constitute less than 75 
microseconds of tape time. 

The contents of the A Register are increased by (04) , 
as each tetrad in the list is processed. At the conclusion 
of MSW, the A Register holds the address of the termi- 
nal tetrad. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)( = HSM tetrad containing terminal address in list 
[XXX = (000000) 8 ] 
(B)r = (B), 
(T)( = (000000)8 

Timing 

Total time in milliseconds = 3.575 + .03» + 

.03 (m —1) 
where n is the total number of characters transferred, 
m is the total number of addresses in the list. 

Example (MSW) 

Instruction: 13 067000 00 060000 

HSM before Instruction is executed: 



0417 



( 22 23 


24 25 26 27 


30 31 32 33 


34 35 36 \ 


).. 


H E L E 


N A - S 


M I T^ 



0417 



40 41 42 43 



• 17 8 



44 45 46 47 



C O 



50 51 52 53 



L I. I N 



.56 57 



0420 



60 61 62 63 



S I 



64 65 66 67 



S T E R 



70 



0670 



00 01 02 03 04 05 06 07 10 II 12 13 14 



15 04 17 23 07 04 20 61 56 00 00 00 26 



(A)i 



(A)< 
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Tape (on Tape Station 06): 



\ FE •HELEN A- SMITH»SISTER ( 

? } 

Read-write head is -^ Read-wnte head is 

in this gap before Direction of in this gap after 

instruction Tape Movement instruction 

Final register contents: 

(A), = 067010 (B), = 060000 (T)( = 000000 

Time: 

3.575 + (.03 X 20) + (.03 x 2) = 4.235 ms. 



06: Unwind n Symbols (UNS) 

General Description 

This instruction causes a selected magnetic tape to be 
moved forward until a specified number of a designated 
symbol have been counted. The HSM is not altered. 
The instruction is potentially simultaneous, but no 
"read" instruction can be executed simultaneously 
with it. 

Format 

A address: 

A, — designates the symbol ; this may be EM Ep 

EF or .Ga g. Ga£j,s. is^igoatedb^ilMDs- 
AjAa — specifies (in octal £Owit)the mumber of^sipga- 
bols to berounted; this may be (0000)8 to 
(7777)8. 
B address: 

Bi — designates the address of the Tape Station. 
B2B3 — ignored. 

Direction of Tape Movement 

Forward. 

Outline of Logic 

A start signal is sent to the designated Tape Station. 
The characters on the tape pass into the recognition 
circuit, but do not enter the Read Buffer. When an 
instance of the specified symbol is found, the Computer 
is signaled and (0001 )g is subtracted from A2A3 by the 
Bus Adder. When the output of the Bus Adder is 
(0000) g, a stop signal is sent to the input device and 
the operation is concluded. 

If the PET is sensed, the Tape Station and the Com- 
puter will stop. 

If n is initially (0000);, the tape will not move. The 
instruction, however, will be stored in the standard 
HSM locations in which a read instruction is stored. 

When unwinding EM's, an alarm stop occurs if the 
data are not in message format. 



When unwinding gaps, a CIG alarm stop occurs if 
there are fewer than eight characters in a message or 
block. Exception: ED and EF stand alone (they may 
never appear within a message). 

An alarm stop occurs if a nonpermissible symbol is 
specified. 

Addressable Registers Used 

A or S B 

Final Register Contents 

If the operation is concluded in the Normal Mode: 

(A,), = (AOi 

(A^Ag), = (0000)8 unless the PET is reached 
(alarm), in which case (A2A3), 
= (A2A3), minus the number 
of symbols counted. 

(B)r = (B), 

If the operation is concluded in the Simultaneous 
Mode: 

(SOf = (A,), 

(S2S3)j = (0000)5 unless the PET is reached, in 
which case (S2S3)t = (A2A3)i 
minus the number of symbols 
counted. 

Timing 

Total time in milliseconds = 3.575 + .03m + 4m 
where w is the total number of characters read, includ- 
ing symbols counted and m is the number of gaps 
encountered. 

Example (UNS) 

Instruction: 06 750015 00 200000 

This instruction will move the tape (on Tape Station 
20) forward through 13 End Message symbols, unless 
the PET is reached before the full count. With the 
count completed, the tape stops with the Read-Write 
head in the gap following the thirteenth EM, positioned, 
for example, for a Linear Read Forward of the subse- 
quent message, or a Linear Read Reverse of the message 
associated with the thirteenth EM counted. 



16: Rewind n Symbols (RNS) 

General Description 

This instruction causes a selected magnetic tape to 
be moved backward through a specified number of 
symbols. This instruction is potentially simultaneous, 
but no "read" instruction can be executed simultane- 
ously with it. The HSM is not altered. 



30 



Format 

A address: 

Ai — designates the symbol, which may be SM, EF, 

ED or Gap. ~~ '^ 

A2A3 — specifies (in octal_ count )the number of 
"sySiBols to be counted. 
B address: 

Bj — designates the address of the Tape Station. 
B2B3 — ignored. 

Direction of Tope Movement 

Reverse. 

Outline of Logic 

A start signal is sent to the designated Tape Station. 
The characters on the tape pass into the recognition 
circuit, but do not enter the Read Buffer. When an 
instance of the specified symbol is found, the Computer 
is signaled and (0001)8 is subtracted from A, A3 by 
the Bus Adder. When the output of the Bus Adder is 
(0000)8, a stop signal is sent to the input device and 
the operation is concluded. 

If (A2A3), = (0000)8, the tape does not move. The 
instruction, however, is stored in the standard HSM 
locations for a read instruction. 

\i n — (0000) a initially, the tape does not move. The 
instruction, however, is stored in the standard HSM 
locations for a read instruction. 

When rewinding SM's, an alarm stop occurs if the 
data are not in message format. 

When rewinding gaps, if there are fewer than eight 
characters in a message or block, a CIG alarm stop will 
occur. Exception: ED and EF stand alone (they may 
never appear within a message). 

If a nonpermissible symbol is specified, an alarm stop 
will occur. 

Addressable Registers Used 

A or S B 

Final Register Contents 

If the operation is concluded in the Normal Mode: 

(AOj = (Ai)i 

(A2A3), = (0000)8 unless the BTC was reached, in 
which case (AjAa), = (AjAg); minus 
number of symbols counted. 

(B), = (B). 

If the operation is concluded in the Simultaneous 
Mode: 

(S,)r = (A,)i 

(SjSa), = (0000)8 unless the BTC was reached, in 
which case (S2S3)f = (AjAj); minus the 
number of symbols counted. 



Timing 

Total time in milliseconds = 3.575 + .03« + Am 
where » is the total number of characters read, includ- 
ing symbols being counted, and m is the number of 
gaps encountered. 



17: Rewind to BTC (RWD) 

General Description 

This instruction causes a designated magnetic tape 
to be completely rewound. Once the operation has been 
initiated, the rewind proceeds totally independent of 
the Computer, occupying neither the Normal nor the 
Simultaneous Mode. The Computer, after initiating the 
rewind, is free to execute other instructions. 

Format 

A address — ignored. 
B address: 

Bi — specifies the ad dress of the Tape Station. 

B2B3 — ignored. 

Direction of Tope Movement 

Reverse. 

Outline of Logic 

A start signal is sent from the Computer to the 
specified Tape Station, whereupon the Computer is 
completely divorced from the operation; rewinding 
proceeds independently. If, while a tape is rewinding, 
it is selected by an instruction entailing forward move- 
ment, the instruction will not be executed until the 
current rewind operation has been completed (i.e., until 
the BTC has been reached). If an instruction involving 
backward movement of a tape is given while it is 
rewinding, or follows a completed RWD without an 
intervening operation involving forward movement of 
that tape, the instruction will merely go through STA 
(after the BTC is reached) and the Computer will pro- 
ceed to the next instruction. The RWD instruction is 
not stored in standard HSM locations. 

Addressable Registers Used 

B 

Final Register Contents 

Immediately RWD is initiated, registers are available 
for use by the next instruction. 

Timing 

Total Computer time: 

300 /iS if the BTC is not positioned at the read-write 
head when the RWD instruction is given. 

105 /ts if the BTC is already positioned at the read- 
write head when the RWD instruction is given. 
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34: Sector Clear by Character (SCO 

General Description 

This instruction places space characters in all the 
locations between, and including, two HSM addresses. 

Format 

A address — leftmost HSM location in^the sector to_l3e 

cleared. 
B address — flgfifiiiost HSM location in the sector to be 

cleared. 

Direction of Operation 

Right to left. 

Outline of Logic 

The tetrad containing the rightmost character to be 
cleared, specified by the B Register, is read out of the 
HSM. This character, however, is inhibited from reach- 
ing the Memory Register. Instead, a space is generated 
and inserted into the empty location in the Memory 
Register. When regeneration occurs, the tetrad, with 
the inserted space, is returned to the HSM. The contents 
of the B Register are decreased by (01)5 with each 
location cleared. This process is repeated until the left- 
most character, specified by the A Register, is replaced 
with a space, so that the entire sector is cleared. 

When HSM locations not included in the system are 
addressed, the Computer will perform as much of the 
instruction as possible and then continue on to the next 
instruction in sequence. Sector Clear by Character does 
not stop the Computer, with parity error notification, 
when it contains a programming error of this type. 

Addressable Registers Used 

A B 

Final Register Contents 

(A), = (A)i 

(B), = (B)i-«=(A)i-(01), 

where » is the number of characters cleared. 

Timing 

Total time in microseconds — 15», where « is the 
total number of locations cleared. 

Example (SCO 

Instruction: 34 036143 00 036152 



HSM before Instruction is executed 






036! \ ^ 


41 42 43 


44 45 46 47 


50 51 52 53 


« 


118 


< • A 2 


2 9 • C 


L 

i 



41 42 43 



0361 



1 1 



44 45 46 47 



SO 51 52 53 



E) 



(B)r(A), 

Final register contents; 
(A), =036143 

Time; 

15x8 = 120 ;as. 



(B)f = 036142 



(A). 



(B). 



36: Sector Clear by Tetrad (SCT) 

General Description 

This instruction inserts spaces (01 )g in the HSM 
locations between, and including, two given tetrad 
addresses. It differs from the Clear Sector by Character 
Instruction (34) in that it clears four characters at a 
time, and is therefore four times faster. -~-™~-— 

Format 

A address — leftmost t etrad to be cleared. 
B address — irightmost tetrad to be cleared. 

Direction of Operation 

Right to left. 

Outline of Logic 

The characters in the rightmost tetrad to be cleared, 
specified by the B Register, are read out of the HSM, 
and four spaces are generated and inserted in their 
place. 

The contents of the B Register are decreased by (04)8 
and the tetrad immediately to the left of the cleared 
tetrad is read out of the HSM. The process is repeated 
for each tetrad until the leftmost tetrad in the sector, 
specified by the A Register, is filled with spaces. The 
Computer will attempt to carry out the instruction 
even when HSM locations not included in the system 
are addressed, performing as much of the instruction 
as possible before continuing on to the next instruction 
in sequence. Clear Sector by Tetrad does not stop the 
Computer, with parity error notification, when it con- 
tains a programming error of this type. 

Addressable Registers Used 
A B 

Final Register Contents 

(A),= (A), (B), = (B)i-4« 
where n is the number of tetrads cleared. 

Timing 

Total time in microseconds = 15« 
where n is the number of tetrads cleared. 
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Example (SCT) 

Instruction: 36 141360 00 141365 

HSM before Instruction is executed: 



55 56 57 



1413 



60 61 62 63 



2X0 



64 65 66 67 



9 A 1 




(A). 



(B). 



HSM after Instruction: 




60 61 62 63 



64 65 66 67 



70 71 



B D( 



Final register contents: 

(A), = 141360 (B), = 141355 

Time: 

15 X 2 = 30 iJiS. 



22: One-Character Transfer (OCT) 

General Description 

This instruction transfers the contents of one HSM 
location into another HSM location. It may be used to 
modify portions of instructions, transfer one-character 
constants, etc. 

Format 

A address — HSM location of chMacter to be_jrans- 

fer££sU~" 
B address — HSM destination location. 

Outline of Logic 

The character stored in the location specified by the 
A Register is transferred to the location specified by the 
B Register, which terminates the operation. 

Addressable Registers Used 
A B 

Final Register Contents 

(A), = (A). 
(B), = (B). 

Timing 

30 /iS. 

Example (OCT) 

Instruction: 22 014344 00 101163 



HSM before Instruction is executed: 



36 37 



0143 



40 41 42 43 



T 3 9 F 



(A). 



60 61 62 63 



1011 



64 65 66 ^ 



O M 4 



(B). 
HSM after Instruction: 



0143 



36 37 



40 41 42 43 



T 3 9 F 



44 



(A)r 



60 61 62 63 



1011 



64 65 66 



O M 4 



(B)f 



Final register contents: 
(A)f = 014344 
(B), = 101163 

Time: 



25: Three-Character Transfer (TCT) 

General Description 

This instruction transfers, in. parallel, the contents of 
the rightmost three locations of one tetrad to the right- 
most three locations of another tetrad in the HSM. It 
is useful for placing addresses into stored instructions, 
setting Address Modifiers, etc. 

Format 

The A and B addresses need not refer to the same 
relative positions, and they may refer to any of the 
locations in the tetrads. 
A address — HSM address of the tetrad which contains, 

in Ci, Ca and C3, the characters to be 

transferred. 
B address — HSTVI address of the destination tetrad. 

Direction of Operation 

Parallel transfer of all three characters. 

Outline of Logic 

The contents of the tetrad addressed by the A Regis- 
ter are transferred to the Memory Register, from which 
the rightmost three chararters (Ci, C^, and C3) are 
admitted to, and retained in, the Bus Adder. The tetrad 
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addressed by the B Register is then read out of the 
HSM, but only the leftmost character (€„) enters the 
Memory Register. The contents of the Bus Adder are 
returned to the Memory Register, the entire contents 
of which are transferred to the tetrad addressed by the 
B Register, completing the operation. The destination 
tetrad now contains the Cj, C^, and C3 characters of the 
original tetrad; its €„ character remains unaltered. 

Addressable Registers Used 

A B 

Final Register Contents 

(A)r = (A)> 
(B), - (B), 

Timing 

30 lis. 

Example (TCT) 

Instruction. 25 010406 00 000111 

HSM before Instruction is executed: 



0104 



( 



03 



04 OS 06 07 



(.» 



10 II 12 13 



4 3 



(A), 



0001 



06 07 



10 II 12 13 



14 IS 16 



(B). 
HSM after Instruction; 



0104 



03 



04 OS 06 07 



10 II 12 13 



(A)r 



0001 



06 07 



10 II 12 13 



i 

i, 

(B)f 



14 15 16 



Final register contents: 
(A), = 010406 

Time: 
30fis. 



(B), 



000111 



24: Sector Transfer by Character (STC) 

General Description 

This instruction transfers a series of characters from 
an area (sector) between, and including, two designated 
HSM locations to another HSM area (sector). 



Format 

A address — HSM location of leftmost character of the 

series to be transferred. 
B address — HSM location of rightmost character of 

the series to be transferred. 
Preset T Re gister [see Set Register instruction (72), 

-" •" page 23], so that it hoIdsjhe.rijght_- 

most destination location. 

Direction of Operation 

Right to left. 

Outline of Logic 

The character stored in the location specified by the 
B Register is placed in the location specified by the T 
Register. (01)5 is subtracted from the B Register and 
from the T Register. These steps are repeated until the 
character in the location specified by the A Register has 
been processed. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A)r = (A)i (B), = (A)i-(01), 

(T), = (T), -n 

where n = the number of characters transferred. 

Timing 

Total time for the operation in microseconds = 30w 
where « is the number of characters transferred. 

Example (STC) 

Instruction: 24 141027 00 141034 

T Register contains 003461 

HSM before Instruction: 



26 27 



1410 



< • 



30 31 32 33 



J O N E 



34 3S 36 37 



S • 6 3 



(A). 



(B)i 



50 51 52 S3 



0034 



18 4- 



54 55 56 57 



• 372 



60 61 62 



(T). 



HSM after Instruction: 
1410 ( ( 



26 27 



< • 



30 31 32 33 



J O N E 



34 35 36 37 



6 3 



(B)f (A), 



0034 



50 51 52 53 



1 8 4 



54 55 56 57 



JON 



60 61 62 



E S 



(T)r 



34 



Final register contents: 
(A)f = 141027 (B)( 

Time: 

30 X 6 = 180 /iS. 



141026 (T), = 003453 



26: Sector Transfer by Tetrad (STT) 

General Description 

This instruction transfers the contents of one tetrad 
or any number of consecutive HSM tetrads between, and 
including, two specified tetrad addresses, into another 
specified tetrad or consecutive series of tetrads. This 
instruction differs from Sector Transfer by Character 
(24) in that it transfers four characters at a time, and 
is therefore four times faster. 

Format 

A address — specifies the address of the leftmost tetrad 
of the sectioFto be Itransferred. 



B address — ^"speafies the address of the rightmost tet- 
rad of the sector to be transferred. 
Preset T Register [see Set Register instruction (72), 
~-^-. ,...™,.™. p^gg 23], so that it holds the addres s 
of the rightmost destination tetrad. 

Direction of Operation 

Right to left. 

Outline of Loqic 

The rightmost tetrad to be transferred, addressed by 
the B Register, is read out of the HSM and into the 
Memory Register and is retained there. The tetrad 
specified by the T Register is then read out of the HSM 
but is inhibited from reaching the Memory Register. 
The contents of the Memory Register are placed in the 
tetrad designated by the T Register, thus transferring 
the rightmost tetrad of the sector into its destination 
location. The contents of the B and T Registers are 
each decreased by (04)8 and the process is repeated 
until the tetrad addressed by the A Register (leftmost 
tetrad in the sector) has been processed. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A)i (B), = (B)i-4« 

(T), = (T), - 4« 

where « is the number of tetrads transferred. 

Timing 

Total time in microseconds = 30« 

where n is the number of tetrads transferred. 



Example (STT) 

Instruction: 26 051731 00 051743 
T Register contains 160167 

HSM before Instruction is executed: 



0517 



1601 



0517 



1601 



^" 


1 « 

30,31 32 


33 


34 35 36 37 


40 


41 


42 43^ 


V 


*<R 


E 


S • $ 1 


6 


• 


> 'i 


(A). 






(B), 


C" 


54 55 56 


57 


60 61 62 63 


64 


65 


66 67 ) 


1 


• BO 


L 


T S • 7 


3 


6 


.cf 


r Instruction: 






(T), 


(^ 


30 31 32 


33 


34 35 36 37 


40 


41 


42 43 


• 


T I R 


E 


S • $ 1 


6 


• 


3 1 ^ 


(B)f (A)r ,'[ 


<" 


54 55 56 


57 


60 61 62 63 


64 


65 


66 67 ) 


~ 


T I R 


E 


S • $ 1 


6 


• 


") 



Final register contents: 

(A), =051731 (B)( = 051727 (T), = 160153 

Time: 

30 X 3 = 90 ;xS. 



21: Item Transfer (IT) 

General Description 

This instruction transfers an item from one group of 
successive HSM locations to another. 

Format 

A address — HSM location of the rightmost character 

ot the Item "to be transferred. 
B address — rightmost destination location. 

Direction of Operation 

Right to left. 

Outline of Logic 

The character stored in the location specified by the 
A Register is read out of the HSM. It is then placed in 
the HSM location specified by the B Register. The con- 
tents of the A and B Registers are each decreased by 
(01)8, so that they now address the HSM locations 
immediately to the left of the processed locations. The 
operation ends when an ISS has been transferred. 
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If the item to be transferred contains only spaces (to 
the right of the ISS), PRN is set. If it contains one 
or more non-space characters, PRP is set. 

If the designated destination area overlaps the loca- 
tion of the ISS in the original area, all the contents of 
the HSM to the left "of the location where overlap 
began will be destroyed. 

Addressable Registers Used 
A B 

Final Register Contents 

(A), = (HSM location of ISS in the original area) 

- (01)8 

(B)t = (HSM location of ISS in the destination area) 
- (01)s 

Timing 

Total time in microseconds = 30m 

where n is the number of characters transferred. 

Example (IT) 

Instruction: 21 001011 00 001146 

HSM before Instruction is executed: 
r 04 05 06 07 



0010 



- • - 1 



10 II 



..,-(1(5^ 



con 



40 41 42 43 



B D 3 9 



44 45 46 , 



4 6 7 



HSM after Instruction; 



05 06 07 



0010 



• - 1 



10 II 



2 - 



(A), 



001! 



40 41 42 43 



B D • - 



44 45 46 



1 2 - 



(B),'^^ ^ 



Final register contents: 
(A), = 001004 
(B)f = 001141 

Time: 

30 X 5 = 150 ju,s. 



PRP is set. 



31: Locate ti^ Symbol in Sector (LNS) 

General Description 

This instruction searches through the contents of suc- 
cessive HSM locations between, and including, two 
given addresses, counting the occurrences of a designated 
symbol. The ope ration cease s when (1) the specified 
count is reached_ or (2) the rightmost location m the 
sector has been searched. — ™~— — -— 



Format 

A address — Jefitogst_HSM, location in sector to be 
searched. 



B address — -"rightmost HSM location in sector to be 

Preset T Register Fsee Set Register instruction (72), 
page 2ij sb"tliat 

Ti designates the symbol. [Symbol cannot be 

(00),.] 
T2T3 specifies the desired count (octal). 

Direction of Operation 

Left to right. 

Outline of Logic 

The Ti character is sent to the L Register. The char- 
acter in the HSM location addressed by the A Register 
is sent to the R Register and the contents of the A 
Register are increased by (01)5. Each time the L and R 
registers compare equal, T2T3 is decreased by (01)g. The 
operation ends (1) when the end of the sector is reached 
(i.e., when the character in the rightmost location has 
been examined, and the contents of the A Register are 
equal to those of the B Register) or (2) when TjTg is 
decreased to (OOOO)s. The A Register is then decreased 
by (01 )s, so that it finally contains the address of the 
HSM location immediately to the left of (1) the right- 
most location in the sector searched or (2) the «"^ 
symbol. 

The PRI's are terminally set as follows: 
-«»^ PRZ if (T2T3)f = (0000)8 and (A), 7/ (B), 
PRP if (T2T3), = (0000)8 and (A)j = (B), 
PRN if (T2T3), ^ (0000)8 and (A), = (B), 

If (TjTg)! is (0000)8, the instruction is not per- 
formed, the PRI's are set (see below) and the next 
instruction in sequence is performed. 

If (T2T3). is (0000)8 and (A), = (B), or (A); ^ 
(B)„PRZisset. 

If (T^Ta)! > (0000)8 and (A), = (B)i, PRN is set. 

Addressable Registers Used 

A B T (preset) 
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Final Register Contents 

(1) when the operation is terminated by (T2T3), = 
(0000)8 

(A), = (A)i + » - (02)8, where « is the num- 
ber of locations 
searched, or, re- 
stated, 

(A)(=HSM location of «'" symbol minus 

(01)8- 

(B), = (B)i 
(T,), = (T,)i 

(2) when the operation is terminated by A = B 

(A), = (B).-(01)8 
(B), = (B). 
(T,). = (Ti)i 

(T^Ta), = (TjTg), minus number of occurrences 
counted. 

Timing 

If (T^Tg)! > (0000)8 and (A), < (B),: 

15m + 30» + 45 ixs 
where m = total number of locations searched, and 
« = total number of occurrences counted. 
If (T^Tj)! = (0000)8, time is 15 ;us. 
If (A)i = (B)i, time is 60 /iS. 

Example (LNS) 

Instruction: 31 012506 00 012524 
T (preset) = 740003 

HSM before and after execution of Instruction: 



0,25 < 


01 


02 03 


04 


05 06 07 


10 


M 
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13 
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\ 
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1 
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3 


• ■) 
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17 
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8 


5 
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(A) 


f 




(B) 
(B) 


i 
t 







Final register contents: 

(A), =012520 (B), = 012524 (T)t = 740000 
PRZ is set. 

Time: 

(15 fxs X 12) + (30 ;u,s X 3) + 45 ;u,s = 315 /xs. 



27: Random Distribute (RD) 

General Description 

This instruction redistributes successive items in the 
HSM, to locations designated by a stored list of 
addresses. 



Format 

A address — HSM location of Inmost charactet-«f 
leftmost item tQ..i>e-^sp«tsei4- (The first 
STafacter to be dispersed will be an ISS 
or an SM.) 

B address — refers to the stored list of addresse s; it 
specifies the address of the tetrad whkh 
contairTs" the d£s^^S5inra33reM__fa£.Jitf 
"STtTor IhTISS'of thelkTtmost iterrttflLfeg.., 
dispersed. 

The "listTs comprised of successive tetrads 
which contain the destination addresses in 
their rightmost three locations (Ci, Cj, 
and C3); the Co character in each of these 
tetrads is ignored. When the destination 
address is (777777)8, the associated item is 
not transferred. The destination address 
(000000)3 ter minates the list. 

Direction of Operation 

Left to right. 

Outline of Logic 

The leftmost character of the leftmost item, addressed 
by the A Register, is read out of the HSM and into the 
R Register. Unless this character is an ISS, SM, or EM, 
it will not be further processed. [The contents of the 
A Register are increased by (01)5, whether or not the 
character is transferred.] Instead, the next character to 
the right is tested. If this is an ISS or SM, the tetrad 
designated by the B Register is read (from the list) into 
the Memory Register. The rightmost three characters of 
this tetrad are placed in the T Register. If these charac- 
ters are not (777777)8 or (OOOOOO)e, successive transfer 
of characters begins, starting with the ISS or SM, and 
continues until another ISS or SM is found. The con- 
tents of the B Register are increased by (04)8 and the 
address contained in the next (to the right) tetrad in 
the list is then placed in the T Register, and the process 
is repeated. 

When an EM is found, an ISS (rather than EM) is 
placed in the location designated by the T Register. If, 
when the EM is found, the list has not been exhausted, 
ISS's will also be placed in the remaining destination 
locations designated in the list. 

When the destination address contained in the list is 
(777777)5 the associated item is not transferred; instead, 
characters are read out successively [and the contents 
of the A Register are increased by (01)9 for each 
character] until another ISS or SM is found. 

The operation is completed when the terminal address, 
(000000)8, is found in the list. 

If the terminal address (000000)8 is sensed prior to 
an EM, PRZ is set. If both the terminal address and an 
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EM have been sensed, PRP is set. If an EM has been 
sensed prior to the terminal address, PRN is set. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)f = HSM address of last control symbol (ISS, 

SM, or EM) sensed in the original area. 
(B), = (B)i+4« 

where « is the number of addresses in the list (includ- 
ing terminal and "throw away" addresses). 
(T)t = (000000) s 

Timing 

Total time in microseconds = 33«i + 18«2 + 45«:j 
where: «i is the total number of characters trans- 
ferred; «2 is the total number of characters 
whose distribution address is (777777)8; «3 
is the number of distribution addresses left 
when an EM is found. (The address of the 
EM must be included in n^.) 

Example (RD) 

Instruction: 27 002604 00 140134 

HSM before and after Instruction is executed: 



0026 



'02 03 


04 05 06 07 


10 II 


12 13 


14 15 16 


B Z 


< • D O 


E - 


J - 


J • a) 



(A), 



0026 



" 


20 21 22 23 


24 25 26 27 


30 31 32 33 k 


' 


3 6 2 


• Q • 1 


2 - 2 ( 



34 35 36 37 



0026 



40 41 42 43 



- 1 



44 45 46 47/ 
> A >^ 



(A). 



1401 



34 35 36 37 



, 60 77 77 77 



40 41 42 43 



10 77 77 77 



44 45 46 47 



01 00 10 36 



50 



01 



(B). 



51 52 53 



1401 



00 10 50 



54 55 56 57 



74 00 10 55 



60 61 62 63 



77 77 77 77 



64 65 



77 00 



140! 



66 67 



10 66 



70 71 72 73 



51 00 10 74 



74 75 76 77 



01 00 00 00 



HSM locations 001036-001077 have been cleared to 
spaces before Instruction is executed. 



HSM after Instruction: 



0010 



0010 



( 36 37 


40 41 42 43 


44 45 46 47 


50 


51 52) 


\Lt 


3 3 6 


2 - - - 


• 


Q- 




(" 


54 55 56 57 


60 61 62 63 


64 65 


66 67 ( 


- 


-•12 


- 2 - 


3 5 


•- 



0010 



70 71 72 73 



74 75 76 77 



Final register contents: 

(A)(= 002645 (B)t = 140200 (T)f = 000000 
PRN is set 

Time: 

(33 X 20) + (18 X 15) + (45 x 2) = 1020 /xS. 



32: Zero Suppress (ZS) 

General Description 

This instruction is used to delete the non-significant 
zeros to the left of the MSC of the result of a decimal 
arithmetic operation. 



Format 

A address ■ 

B address - 



leftmost HSM location in sector in whic h 
the zeros are to be suppressed, 
rightmost HSMlocation in sector in which 
the zeros are to be suppresseHT" 



Direction of Operation 

Left to right. 

Outline of Logic 

The character in the location specified by the A 
Register is read out of the HSM, and the contents of 
the A Register are transferred to the T Register. If this 
character is a space, it remains unchanged; if it is a 
zero, it is replaced by a space. The contents of the A 
Register are increased by (01 )s with each location 
searched. The contents of the T Register are increased 
by (01)g with each location processed. These steps are 
repeated until (1) a space is found after at least one 
zero has been suppressed, or (2) a character which is 
neither a space nor a zero is found, or (3) the contents 
of the A and B Registers are equal. At the conclusion 
of ZS, the A Register is reset as shown under Final 
Register Contents. 

Addressable Registers Used 

A B T (not preset) 
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Final Register Contents 

(A), = (A)i + «-(02)s 

(B)t = (B)i 

(T), = (A)f + (01)8 

where » is the number of locations searched. 

If ZS is terminated by A-B equality: 

a. Only zeros encountered 

(A)f = (B),= (B), 
(T), = (B)i + (01)s 

b. Only spaces encountered 

(A), = (B), = (T)c = (B)i 

Timing 

15ot + 30m + 15 fts 
If ZS is terminated by A-B equality: 

\5m + 30« 
where m is the number of spaces preceding the first 
non-space character and n is the number of zeros 
suppressed. 

If no zeros or spaces were found : 
30 /i.s 

Examples (ZS) 

1. Instruction: 32 024312 00 024317 

HSM before Instruction is executed: 



0243 



II 12 13 



• 00 



14 IS 16 17 



5 6 3 



20 



(A). 
HSM after Instruction: 



(B). 



II 12 13 



0243 



14 IS 16 17 



-563 



20 



(A), (T), (B), 

Time: 

(30 /AS X 3) + 15 /xs = 105 ixs. 

2. Instruction: 32 005103 00 005111 
HSM before Instruction is executed: 

) 



03 



0051 



04 05 06 07 



0- 



10 II 



(A). 
HSM after Instruction: 



(B). 



03 



COS! 



04 OS 06 07 



10 II 



- 6 



(A),(T), (B), 



Time: 

(15 fis-x.2) + (30 ,xs X 2) + 15 = 105 fxS. 



3. Instruction: 


32 606103 


00 006111 


HSM before and after Instruction is executed: 


/02 03 


04 05 06 07 


10 ll') 


0061 ' 


- 3 


2-00 


4 I 


(A), (A). (B), 
(T), (B), 


Time: 


30 /ts. 









4. Instruction: 32 007103 00 007111 
HSM before Instruction is executed: 



0071 



(" 


03 


04 


05 


06 


07 


10 II 


" 


xi 














a 





»( 



(A), 
HSM after Instruction: 



(B), 



0071 



/ 02 03 


04 05 06 07 


10 II 


" 


\n 






») 


r 







(B)r(T), 
(A)r 

Time: 

(30jasx7) = 210 /iS. 

5. Instruction: 32 004110 00 004116 
HSM before and after Instruction is executed: 



(07 


10 II 12 


13 


14 


15 16 '' 


0041 ) _ 


- - - - 




(A), 






(B), 
(B)f 
(A)f 
(T)« 


Time: 








(15)^8x7) 


= 105 lis. 









33: Justify Right (JR) 

General Description 

This instruction, used to effect right columnar align- 
ment, (1) adjusts and transfers an item from one series 
of successive HSM locations' ito^anoitKerj^ or (2) adjusts 
the item, leaving it in the same group of HSM locations. 
All tlie~space sy5iBbirwHicfi"were originally located 
tortKr*riglit'of the sign position, are placed between 
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the ISS and the MSD in the destination area. (The sign 
position is the HSM location immediately to the right 
of the LSD.) 

Format 

A address — rightmost H SM location of the item to be 

justified. 
B address — destination location of the sign of the 

item. 

If the A and B addresses are the same and refer to a 
non-space, non-minus character, a sign will not be 
generated. (In this case, no change in the item is eflFected 
by the JR instruction.) 

If the A and B addresses are not the same, and the 
rightmost character of the item is neither a space nor 
a minus, a space (which in the sign position is inter- 
preted as a plus sign) will be generated in the 
destination (B address) location. 

If the B address falls between the A address and the 
original location of the ISS, all of memory to the 
left of, and including, the B address will be destroyed. 

Direction of Operation 

Right to left. 

Outline of Logic 

Beginning with the HSM location specified by the 
A Register, and proceeding to the left, the characters 
in the item are successively processed. With each space 
or minus sign found, (01)3 is added to the contents 
of the T Register [which was automatically set to 
(000000)3 during staticizing]. When the first non-space, 
non-minus character is found, the sign is generated in 
the location specified by the B Register and the con- 
tents of the T Register are decreased by (01)8. The 
sign of the item will be minus if a minus sign is sensed 
in any of the locations between the A address and the 
rightmost non-minus, non-space character. The remain- 
ing characters addressed by the A Register are then 
transferred into the locations specified by the B Register. 
The A and B Registers are decreased by (01 )g with 
each location processed. When the A Register addresses 
a location which contains an ISS, space symbols equal 
in number to the contents of the T Register are gen- 
erated in the destination locations immediately to the 
left of the MSD. The ISS is then transferred, completing 
the operation. 

If the item contains only spaces and an ISS or only 
an ISS, PRN is set. If it contains any non-space char- 
acter (in addition to the ISS), PRP is set. 



Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)f = (original location of ISS) — (01)8 

(B)f = (destination location of ISS) — (01)9 

(T)( = (000000)3 if first location examined contains 

a space or a minus sign. 
= (777777)8 if first location examined contains 

a non-space, non-minus character. 

Timing 

Total time in microseconds = 30 (« + »») 
where » = number of space and/or minus characters 
to the right of the first non-minus, non- 
space character encountered, 
where m = number of non-space, non-minus charac- 
ters transferred, (m includes the ISS.) 

Example (JR) 

Instruction: 33 001433 00 154172 

HSM before Instruction: 



0014 



22 23 



X • 



24 25 26 27 



13 6 9 



30 31 32 33 



4 e 



34 35 



(A), 



1541 



61 62 63 



W A 



64 65 66 67 



SHIN 



70 71 72 73 



G T O N 



74 75 I 
- D 



(B). 



HSM after Instruction: 



001 



:i( 



22 23 



X 



24 25 26 27 



13 6 9 



30 31 32 33 



4 e 



EiD 



- Y 



(A)f 



1541 



(TT 



62 63 



64 65 66 67 



1 3 6 



70 71 72 73 



9 4 © N 



74 75^ 



D 



(B), 



Final register contents: 

(A), = 001422 (B), = 154161 (T), = 000000 
PRP is set. 

Time: 

(30 X 3) + (30 X 6) = 270 juS. 
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35: Sector Compress — Retain 
Redundant ISS's (SCR) 

General Description 

This instruction transfers a sector of characters from 
one part of the HSM to another, removing, in the 
process, all spaces located to the right of the rightmost 
non-space character within each item in the sector. 
:jjf^ote: A space in the sign position (i.e., positive sign) 
is also deleted. 

Format 

A address — leftmost HSM location of the sector to be 

compressed and transferred. 
B address —^IgfiffijstTRSMTocation of the^sectorjto 

be compressed and transferred. 
Preset T Register [see Set Register instruction (72), 
"*""""**' page 23], so that i t holds the right- 
most destination address. 

Direction of Operation 

Right to left. 

Outline of Logic 

The rightmost character of the sector, specified by 
the contents of the B Register, is read out of the HSM 
and stored in the R Register. The contents of the B 
Register are decreased by (01)8. If the character is a 
space symbol, it is not transferred; instead, the next 
character to the left is read out and tested. When a 
non-space character is found, it is transferred to the 
location specified by the T Register. The Computer then 
continues sequential transfer of all the characters to 
the left of this location until an ISS or EM is trans- 
ferred. [The contents of the T Register are decreased 
by (01)5 with each transfer.] Beginning with the loca- 
tion to the left of the ISS or EM, the Computer again 
tests for space symbols and does not resume transferring 
until the next non-space character is found. These steps 
are repeated until the leftmost character of the sector, 
specified by the A Register, has been processed. 

If the sector contains any non-space, non-EM, non- 
ISS characters, PRP is set. If it contains only space, 
EM, and/or ISS characters, PRN is set. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A), (B), = (A)i-(01)« 

(T), = (T)i-« 

where » is the number of characters actually trans- 
ferred. 



Timing 

Total time in microseconds = 15k + 15m 
where » is the number of characters actually trans- 
ferred, and m is the total number of characters in the 
original sector. 

Example (SCR) 

Instruction: 35 006210 00 006244 
T Register contains 011755 

HSM before and after Instruction: 



0062 



0062 



u. 


10 II 


12 


13 


14 


15 


16 


17 


20 


21 


22 


" 




< • 


B 





L 


T 


S 


~ 


- 


- 


• 


-1 


(B). 


(A), 
(A)f 




















{'' 


25 26 


27 


30 


31 


32 


33 


34 35 


36 


37 


40 


6 


2 4 


B 


- 


- 


• 


1 


2 • 





4 


• 



0062 



/ 41 42 43 



• • 



44 45 46 



- > # 



(B). 

Assume the destination area contains only spaces 
before the instruction is executed. 

HSM after Instruction: 




011: 



' 25 26 27 


30 31 


32 33 


34 35 36 37 


40 41 \ 


1--- 


< • 


B 


L T S • 


-4 


(T), 


42 43 


44 45 46 


47 


50 51 52 53 


54 55 56*1 


2 4 


B • 1 


2 


• 4 • 


••-( 



Final register contents: 

(A), = 006210 (B)f = 006207 (T), = 011727 
Time: 

(15 juS X 22) + (15 ^s X 29) = 765 /xs. 



37: Sector Compress — Delete 
Redundant ISS's (SCD) 

General Description 

This instruction transfers a sector of data from one 
part of the HSM to another, deleting, in the process, 

( 1 ) all ISS's ori ginally located to the right of the right- 
mo st no n-ISST non-space character in the sector, and 

(2) all spaces located_to the right gf the rightmost 
non-space character within each item in the sector. 

^I^NoterX space in the sign position (i.e., positive sign) 
is also deleted. 
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Format 

A address — leftmost HSM location of sector to be 

"c ompressed and transfefred . 
B address — rightmost HSM l ocation of sector to be 

compressed a nd trangfgrted. 
Preset T Register [see Set Register instruction (72), 
'^::::^ — — page 23], so that it holds the right- 
most destination address. 

Direction of Operation 

Right to left. 

Outline of Logic 

The rightmost character of the sector to be com- 
pressed is addressed with the contents of the B Regis- 
ter, and then tested. If it is an ISS or a space symbol, 
it is not transferred; instead the next character to the 
left is read out and tested. When a non-space, non-ISS 
character is found, it is transferred to the location speci- 
fied by the T Register. From this point on, until the 
leftmost character of the sector, specified by the A 
Register, has been processed, transfer is continuous, 
excluding groups of successive spaces immediately to the 
left of ISS's but including all the remaining ISS's in the 
seaor. 

Note: If the B address is that of the EM or of a 
location to the right of the EM, redundant ISS's to the 
left of the EM will not be deleted. 

If the sector contains any non-space, non-ISS charac- 
ters, PRP is set. If it contains only spaces and/or ISS 
characters, PRN is set. 

Addressable Registers Used 

A B T (preset) 

Final Contents 

(A), = (A), (B),= (A)i-(01), 

(T),= (T)> -n . 

where « is the number of characters actually trans- 
ferred. 

Timing 

Total time in microseconds = 15m + 15m 
where « is the number of characters actually trans- 
ferred and m is the total number of characters in the 
original sector. 

Example (SCD) 

Instruction: 37 076105 00 076133 

T Register contains 076133 

HSM before Instruction is executed: 



076! 



05 06 07 



• S M 



10 II 12 13 



I T H - 



14 15 16 17 



20 2l\ 

— D / 



22 23 



0761 



I N 



24 25 26 27 



30 3! 32 33 



• • • • 



^ 



> 



(B), 
(T). 



HSM after Instruction: 



0761 



0761 



' 04 05 06 07 


10 II 12 13 


14 15 16 17 


20 \ 


- • S M 


I T H - 


- • • S 


M 1 


(B), (A), (T), 


/ 21 22 23 


24 25 26 27 


30 31 32 33 


34 


I T H 


• 19- 


PINE 


> 



(A). 



Final register contents: 

(A)t = 076105 (B), = 076104 (T)f = 076115 

Time: 

(15;usxl4) + (15,xsx23) = 555 /xS. 



51: Decimal Add (DA) 

General Description 

This instruction performs decimal addition, in accord- 
ance with algebraic rules, producing a left-justifiedy no n- 
ze ro-suppressed su m, which is storedjjj^jhe^ HSM loca- 
tions originally occupied by the augend. The operands 
may be of any l ength and, also, of unequal lengths. 

Format 

A address — HSM location of the rightmost character 
"fsi^n or s pace j o 2 3i£ righti0?j^^ 
the augend (and sign of the sy,m). 

B address — H^^I^^^^SlsOS^^B,^'™*^*' character 
(LSD, or sign, or space to the right of the 
sign) of^the addend. 
(The length of each operand is defined by the first 

space to the left of a non-space, non-minus character or 

by an ISS.) 

Direction of Operation 

Right to left. 

Outline of Logic 

The initial contents of the A Register (HSM address 
of the rightmost character of the augend) are trans- 
ferred to the T Register, which is used thereafter to 
place the sum in the HSM. Next, a search is made in 
each operand for the rightmost non-space, non-minus 
character. The contents of the A Register are decreased 
by (01)g with each location searched in the augend; 
the contents of the B Register are decreased by (01)8 
with each location searched in the addend. 
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The search is concluded for each operand when the 
character addressed is neither space nor minus. 

The sign of the sum is then placed in the HSM loca- 
tion specified by the contents of the T Register. The 
contents of the T Register are then decreased by (01)s. 
If the signs are unlike, the sum is initially assumed to 
be positive and ist changed later, if necessary. The search- 
ing process, with decrease of A and B Register contents, 
permits right column alignment of the operands so that 
the first addition is performed on the least significant 
digits. 

After a sign has been stored, addition takes place as 
follows ; 

1. If the signs of the operands are unlike, the digits 
of the negative operand are complemented (tens 
complement) before addition takes place. 

2. The tetrad containing the LSD of the augend is 
read out of the HSM and into the Memory Register, 
and the contents of the A Register are decreased 
by (01 )s. If this character is not a control symbol, 
it is transferred to, and retained in, the L Register 
in the Arithmetic Unit. 

3. The tetrad containing the LSD of the addend is 
read out of the HSM and into the Memory Register, 
and the contents of the B Register are decreased by 
(01)g. If this character is not a control symbol, it 
is transferred to the R Register in the Arithmetic 
Unit. 

4. The contents of the L Register are added to those 
of the R Register, and the LSD of the sum is placed 
in the HSM location specified by the T Register. 
The contents of the T Register are then decreased 
by (01) 8- The carry, if any, is retained in the 
Arithmetic Unit. 

The process described above is repeated until the end 
of either operand is reached . An operand is cojas idftgd 
ended when a n JSS^ i^ senss!i^jit when A.Sfigce, to the 
left of the MSD is sensed. 



If the operands were of unequal length, the carry 
(if any) is added to the next digit(s) of the longer 
operand. When there is no carry, a zero is added to each 
of the remaining digits of the longer operand to com- 
plete the addition. 

If the signs of the operands were alike, or if they 
were unlike and the sum is positive, the operation is 
concluded with an ISS placed in the HSM location 
immediately to the left of the MSD of the sum. How- 
ever, if the signs of the operands are unlike and the sum 
is negative, the sum is re-complemented and the initially 



assumed positive sign is changed to negative. An ISS 
is placed to the left of the sum as in the above cases. 

If the A Register initially addresses an ISS and the B 
Register initially addresses the LSD or the sign of the 
addend, the addend will be transferred into the augend 
(sum) locations, with the sign stored in the location 
that originally held the ISS of the augend. In this case, 
if the LSD of the addend is initially addressed, the sign 
will be assumed to be plus. If both the A and the B 
Registers initially address an ISS, a space (plus sign) 
will be stored in the location originally occupied by the 
ISS of the augend, followed by an ISS immediately to 
the left. 

If both operands contain only space and/or minus 
characters to the right of the ISS, the sign will be placed 
in the location initially addressed by the A (and T) 
Register, and an ISS in the location immediately to the 
left of the sign. 

Non-significant zeros are not suppressed by this in- 
struction. When the result of an addition is zero, zeros 
will appear in the sum locations, and the sign will be 
positive. The PRI's are set after the instruction accord- 
ing to the sign of the sum, except that a zero result 
will set PRZ. 

Note: The first character addressed in the augend 
must be a space, minus or ISS. If it is any other charac- 
ter, an alarm stop occurs. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)f = the HSM location immediately to the left of 

the ISS or the space that terminates the 

augend. 
(B)f = the HSM location immediately to the left of 

the ISS or the space that terminates the 

addend. 
(T)j = the HSM location of the ISS of the sum. 

Timing 

Time in microseconds = 15«i + 45»2 + 30»3 + 90 

«i is the total number of space and/or minus charac- 
ters found to the right of both operands; 

»2 is the number of digits in the shorter operand; 

«3 is the difference in number of digits of the 
operands. 

For negative sum, add 30(«+l)+15 

where » = number of digits in the sum. 
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Examples (DA) 

1. Instruction: 51 001016 00 000524 

HSM before Instruction is executed: 



10 II 12 13 



0010 



• 1 2 



14 15 16 



(A). 



20 21 22 23 



0005 



9 9 



24 



(B). 



HSM after Instruction: 



0010 



10 II 12 13 



• • 1 



14 IS 16 / 



1 1 



(A)< (T), 



20 21 22 23 



0005 



9 9 



24 



(B), 

Time: 

(15 X 4) + (45 X 2) + 90 =:= 240 /tS. 
PRP is set. 



3. Instruction: 51 003031 00 012540 
HSM before Instruction is executed: 



0030 



25 26 27 



3 4 6 



30 31 



6 • 



(A), 



0125 



34 35 36 37 



2 7 



40 



(B), 



HSM after Instruction: 



0030 



25 26 27 



3 • 5 



30 31 



(T)r (A), 



0125 



34 35 36 37 



2 7 • 5 



40 



(B)f 

Time: 

(15x0) + (45x0) + (30x2) + 90 = 150 ^^s. 
PRP is set. 



2. Instruction: 51 002023 00 001545 
HSM before Instruction is executed: 



16 17 



0020 



20 2i 22 23 



3 4 © - 



24 



(A). 



0015 



35 36 37 



• 3 



40 41 42 43 



44 45 



(B). 



HSM after Instruction: 



0020 



( 16 17 


20 21 22 23 


") 


- • 


• 3 e 


• 




40 41 42 43 



44 45 ) 



Time: 

(15 X 7) + (45 X 2) + 90 + [30 (2 + 1)] + 15 

== 390 ;US. 

PRN is set. 



52: Decimal Subtract (DS) 

General Description 

This instruction performs decimal subtraction on 
variable length operands. Th e subtracti on^ is _^gjggbraic. 
Specifications as to operands, storage of the difference 
and end conditions are exactly the same as in Decimal 
Add. 

Format 

A address — HSM locatioti jof the rijE^htmost^chara£ter 
(sign or space to the right of sigq.). of the 
toinuend (an3"irgn of the difference). 

B address — HSM location of the rigjitmost chjycacter 
(LSD, or sign, or space to thcjciabt-of the 
sign) ofrfie subtrahend. 
(The length of each operand is defined by the first 

space to the left of a non-space, non-minus character or 

by an ISS.) 

Direction of Operation 

Right to left. 

Outline of Logic 

The operands are searched for the least significant 
non-space, non-minus character. 

The sign of the subtrahend is reversed. 



A-i 



If the original signs of the operands are unlike, the 
sign of the minuend is the sign of the difference. If the 
signs are alike, the sign is assumed positive and changed 
later if necessary. 

From this point Decimal Subtract is exactly the same 
as Decimal Add. 

WNote: The first character addressed by the A Regis- 
ter must be a space symbol, minus sign or ISS. If it is 
any other character, an alarm stop occurs. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)i = the HSM location immediately to the left 

of the ISS or the space that terminates the 

minuend. 
(B), = the HSM location immediately to the left 

of the ISS or the space that terminates the 

subtrahend. 
(T) J = the HSM location of the ISS of the difference. 

Timing 

Time in microseconds = 15Mi + 45n^ + 30«3 + 90 
where »i = total number of spaces and/or minuses to 
the right of both operands. 
M2 = number of digits in shorter operand. 
»3 = difference in number of digits of the 
operands. 
For negative results, add 30 (« + 1) + 15 /^s. 
where « = number of digits in the difference. 

Examples (DS) 

1. Instruction: 52 010031 00 005755 

HSM before Instruction is executed: 



24 25 26 27 



0100 



30 31 



(A)i 



50 51 52 53 



0057 



54 55 



5 - 



(B), 



HSM after Instruction: 



24 25 26 27 



0100 



• 1 1 



30 31 



6 - 



(A)r (T), 



Time: 

(15 X 2) + (45 X 2) + (30 x 1) + 90 = 240 ^tiS. 
PRP is set. 

2. Instruction: 52 012037 00 006761 
HSM before Instruction is executed: 



0120 



32 33 



34 35 36 37 



1 2 



40 



<A)i 



55 56 57 



0067 



60 61 62 



1 2 8 



(B)i 



HSM after Instruction: 



32 33 



0120 



34 35 36 37 



• 00 



40 



(A)r (T), 



55 56 57 



0067 



60 61 62 



1 2 8 



(B), 

Time: 

(15x1) + (45 X 2) + (30 X 0) + 90 = 195 ;u,s. 
PRZ is set. 

3. Instruction: 52 014041 00 007763 
HSM before Instruction is executed: 



32 33 



0140 



34 35 36 37 



1 2 



40 41 



8 e 



(A), 



55 56 57 



0077 



60 61 62 63 



1 2 



64 



(B)i 



HSM after Instruction: 



0140 



32 33 



34 35 36 37 



1 • 1 



40 41 



7 e 



(A), (T), 



0057 



50 51 52 53 



(B)f 



54 55 



55 56 57 



0077 



60 61 62 63 



1 2 



64 



(B)r 



45 



Time: 



(15 X 1) + (45 X 1) + 90 + [30 (2 + 1)] + 15 

= 255 ,is. 
PRN is set. 



53: Decimal Multiply (DM) 

General Description 

This instruction performs decimal multiplication in 
accordance with alge b raic rules -producing a right just jr 
fied, non-zero-suppressed product^ Ifaquantit^is gr^- 
store d in the prod uct area, the produ ct is added (abso- 
lute addition) to it, permitting round-ofi by any number 
and multiply-accumulate . However, the sign of the 
product will be assigned to the accumulated (absolute) 
result. 

Format 

A address — H SMJo cation of the rightmost character 
(LSD, sig n, or spa ce to the right of the 

B address — H SM locat ion of the rightmost character 
(LSD, sign, or space to the rights of the 
sign) of the multiplier. 
P reset T Re gji^te r [see Set Register instruction (72), 
„^„„.^<.«>,»»a«««» page 23], so that it contains the 
HSM locati o n that is to receive the^ 
sign of the product. 
( The product may not be stored in the 
J HSM locations of the operands. 
The length of each operand is defined by the first 
space to the left of a non-space, non-minus character or 
by an ISS. A space character or an ISS must be prestored 
in the product area in the location immediately to the 
left of the anticipated MSD. 

Direction of Operation 

Right to left. 

Outline of Logic 

The operands are searched for their LSD's, the con- 
tents of the A and B Registers being respectively de- 
creased by (01 )g with each location searched. A sign 
is then placed in the product location and the con- 
tents of the T Register are decreased by (01)3. The 
sign of the product will be plus if the operand signs 
are alike, and minus if the signs are unlike. If an 
operand is not accompanied with a sign, it is assumed 
to be plus. 

Multiplication is performed by a series of successive 
additions and shifts. The multiplicand is added to the 



contents of the product locations a number of times 
which is equal to the values of the digits of the 
multiplier. 

The only characters not treated as numeric are minus 
sign, space symb ol and ISS. 

If the multiplier is all zeros, (and there is no pre- 
stored quantity in the product area), the product will 
be exactly like the multiplier (e.g., 634762 x 0000 = 
0000). 

If the multiplicand is all zeros, the number of zeros 
in the product will be equal to the number in the multi- 
plicand plus the number of digits in the multiplier 
minus one. 

If in either or both operands, an ISS is sensed before 
any other non-space, non-minus character, a plus sign 
is placed in the sign location of the product area^ PRZ 
is set, and the operation ends, -f //:/ ■ <- « />.iviVi'- 

If round-ofif or accumulate is desired, the prestored 
quantity must be properly positioned in the product 
area, since there is no search of the product before 
addition begins. If round-off or accumulate is not 
desired, the product area must be cleared to spaces. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A)f = HSM location of MSD of multiplicand minus 

(02)8. 
(B)£ = HSM location of MSD of multiplier minus 

(02)8. 
(T)£ = HSM location of MSD of product minus 

(01)s. 

Timing 

Total time in milliseconds: 

a. If »i > and «2 > 

.015 [10 + (12»i + 32)»2] + .015»3 

b. If »i = and «2 > 

.015 («2 + «3 + 3) 

c. If M2 = and «i > 

.015 («i + «3 + 3) 

d. If Wi = and »2 = (an ISS alone or all spaces 

and an ISS) 
.015 («3 + 3) 
where m^ = number of digits in multiplicand 
W2 = number of digits in multiplier 
«3 = total number of spaces (including sign) 
and/or minuses to right of the LSD's of 
the operands. 
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Examples (DM) 

1. Instruction: 53 000307 00 002311 

T Register preset to 000524 

HSM before and after Instruction is executed: 



02 03 



0003 



1 2 



04 05 06 07 



• • 6 



(A)f 



(A). 



04 05 06 07 



0023 



3 4 



10 II 



(B), (B), 

HSM before Instruction is executed: 



17 



0005 



20 21 22 23 



24 25 



(T). 



HSM after Instruction: 



17 



0005 



20 21 22 23 



1 8 



24 25 



(T)r 

Time: 

.015 [10 + (12 X 1 + 32) 1] + (.015 x 2) 

0.840 ms. 
PRP is set. 

2. Instruction: 53 000410 00 002412 

T Register preset to 000625 

HSM before and after Instruction is executed: 



0004 



( 



02 03 



04 05 06 07 



18 3 6 



10 



(A), 



(A). 



0024 



04 05 06 07 



3 - • • 



10 II 12 



2 5- 



(B), (B). 

HSM before Instruction is executed: 



0006 



17 



20 21 22 23 



HSM after Instruction: 



24 25 



(T)i 



0006 



17 



20 21 22 23 



• 457 



24 25 



5 e 



(T). 



Time: 

.015 (10 + [(12 X 3) + 32) 2] + (.015 x 3) 

2.235 ms. 
PRN is set. 

3. Instruction: 53 001507 00 002510 

T Register preset to 000724 

HSM before and after Instruction is executed: 



02 03 



0015 



04 05 06 07 



1 i 



(A)f 



(A). 



0025 



04 05 06 07 



5 6 • 



10 II 



4 - 



(B)f (B). 

HSM before Instruction is executed: 



17 



0007 



20 21 22 23 



- • - 5 



24 25 



e - 



(T). 



HSM after Instruction: 



0007 



17 



20 21 22 23 



• 6 1 



24 25 



Time: 

.015 (10 + [(12 X 2) + 32] 2) + (.015 x 2) 

1.860 ms. 
PRP is set. 



54: Decimal Divide (DD) 

General Description 

This instruction performs decimal division in accord- 
ance with algebraic rules and produces a non-zero- 
suppressed, non-right-justified quotient. The non-zero- 
suppresHd'fernainder is stored in the HSM locations 
originally occupied by the dividend. Each operand must 
carry a sign. The operands may be ofjmy length. The 
length of each operand is defined by the first space to 
the left of a non-space, non-minus character, or by 
an ISS. If the divisor contains more digits than the 
dividend, the quotient will be a zero. Unlike Decimal 
Multiply, the quotient is not added to a prestored 
quantity. 
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Format 

A address — HSM location of the sign (or space to the 
right of the sign) of the diviHenSr (and 
remainHerTT 



B address — HSM locat ion of the sign (or space to the 

right of the sign) of the divisor^ 
Preset T RegIster~Xsee~SefT[egrster instruction (72), 
._,__^ p^^^ 2jj^ jQ jjj^j. jj specifies the 

HSM Iff ntiqn, wh jrVii_^is^_tn J^eceive 
the MSP of the quotient. 



Direction of Operation 

Shifting and storing of quotient digits is performed 
from left to right. Individual subtractions are performed 
from right to left, as in Decimal Subtract (52). 

Outline of Logic 

In general, division is performed by successively sub- 
tracting the divisor from the dividend with the MSD's 
of the operands aligned. Quotient digits are accumulated 
according to the number of valid subtractions per- 
formed. (An ISS or space is not automatically stored 
to the left of the MSD of the quotient. When a nega- 
ative remainder is sensed (invalid subtraction), the 
quotient digit is not increased. The subtractions then 
begin anew with the divisor shifted to align with the 
next dividend digit to the right, and a new quotient 
digit is accumulated. 

Initially, a search is made of both operands, during 
which the following actions are taken: 

1. A positive sign is stored in the quotient area if the 
signs of the operands are alike; a negative sign is 
stored if they are unlike. Each operand must carry 
a sign. 

2. The divisor is validity checked; an alarm stop occurs 
if the divisor (a) is missing (i.e., contains only an 
ISS or spaces and an ISS) or (b) is not zero sup- 
pressed. 

3. If the divisor contains more digits than the dividend 
or if the dividend is missing, PRZ is set and a zero 
with plus sign (space) is placed in the quotient. 

Next, the process of subtraction and shifting takes 
place, with a non-zero-suppressed remainder replacing 
the dividend after each completed subtraction. 

The operation ends when the subtraction process is 
completed, with the LSD's of the operands aligned. 

After the operation the following conditions exist: 

1. The non-zero-suppressed remainder occupies all of 
the HSM locations originally occupied by the divi- 
dend. A zero remainder will have a plus sign. 

2. The PRI's are set according to the sign of the result. 
If the divisor is greater in magnitude than the 



dividend, a single zero and a plus sign will appear 
in the quotient and PRZ is set. 
The number of quotient digits = (number of divi- 
dend digits minus number of divisor digits) + 1. 

Note: Precision of the quotient may be increased by 
placing significant zeros in the dividend before the DD 
instruction is executed. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A)( = HSM location of MSD of remainder minus 

(02),. 
(B)f = HSM location of MSD of divisor minus (02)3. 
(T) t = HSM location of the sign of the quotient. 

Timing 

Total time, in milliseconds : 

If «i > »2 

.015 [26«i — 7«2 + 15«2 (»i - W2) + 41] + 
.015»3 

If «i < «2 

.015 (3«i + «2 + 12) + .015«3 
If »i = (i.e., the dividend is missing) 

.015 (»2 + 7) + .015«3 
where »i = number of digits in the dividend 
«2 = number of digits in the divisor 
«3 = total number of spaces (including sign) 
and/or minuses to the right of the LSD's 
of the operands. 

Examples (DD) 

1. Instruction: 54 000612 00 001011 

T Register preset to 000516 

HSM before Instruction is executed: 



03 



0006 



04 05 06 07 



• 2 



10 II 12 



(A)i 



0010 



04 05 06 07 



1 - 2 - 



10 II 12 



(B), 



0005 



15 16 17 



20 21 22 23 



(T)i 
HSM ajter Instruction: 



03 



0006 



04 05 06 07 



• 000 



10 II 12 



(A), 



48 



'. 



0010 



0005 



/« 


05 06 


07 


10 


II 12 


) 


!■ 


- 2 


- 


3 


- 4< 




(B)< 








(" 


16 17 


20 


21 


22 23 


• 


6 


6 


8 


, i 





Time: 

.015 [(26 X 4) - (7x1) + 15 (4 - 1) + 41] + 
(.015x3) = 2.790 ms. 

2. Instruction 54 001611 00 002011 

T Register preset to 000416 

HSM before Instruction is executed: 



0016 



02 03 



04 05 06 07 



4 15 



10 II 



5 e 



(A). 



0020 



04 05 06 07 



'•4*3 



10 II 12 



9 - 



(B)i 



15 16 17 



0004 



7 2 e 



20 21 22 23 



(T). 
HSM after Instruction: 



02 03 



0016 



04 05 06 07 



2 



10 II 



4 e 



(A)f 



0020 



]\ 



04 05 06 07 



10 II 12 



9 - • 



(B), 



15 16 17 



0004 



7 1 



20 21 22 23 



2 9 8 



Time: 

.015 [(26 X 5) - (7 X 2) + 30 (5 - 2) + 41] + 
(.015 X 2) = 3.735 ms. 

3. Instruction: 54 113676 00 024315 

T Register preset to 027002 



HSM before Instruction is executed: 



67 



1136 



70 71 72 73 



1 3 



74 75 76 77 



8 9 - A 



(A), 



0243 



07 



10 II 12 13 



1 2 2 



14 15 16 17 



5 - - 2 



(B), 



0270 



00 01 02 03 



• • D 



04 05 06 07 



6 



10 



(T)> 
HSM after Instruction: 



1136 



67 


70 


71 


72 73 


74 


75 76 77 ) 


5 


1 


3 


- 4 


8 


,-. 



(A), 



07 



0243 



10 II 12 13 



1 2 2 



14 15 16 17 



5 - - 2 



(B)r 



0270 



5? 



00 01 02 03 



• - 



04 05 06 07 



6 - 



10 



(T)f 



Time: 



.015 [(3 X 3) + 4 + 12] + (.015 x 2) = 0.405 ms. 



41: Binary Add (BA) 

General Description 

This instruction performs binary addition of two 
equal length operands and places the sum in the HSM 
lolStions~"ori^jialiy occupied by the augend. The 
operands may b e of any length. Each character (includ- 
ing control symbols) is treated as if it were numeric. 

Format 

A address — HSM location of the leftmost character of 

the augend (and sum). 
B address — HSM location of the rightmost character 

of the augend (and sum). 
Preset T Register [see Set Register instruction (72), 
— nr— -", .„ p^g^ 23]^ so that it holds the-HSM 
location of the rightmost character 
of the addend. 
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Direction of Operation 

Right to left. 

Outline of Logic 

Binary add is executed according to the following 
rules: 

1. There is no search for the signs or least significant 
characters of operands and there are no special con- 
trol symbols. Every character enters into the addition 
and is treated as if it were numeric. 

2. The addition considers all six bits of each character 
in the operands. 

3. Any carry from the most significant bit position of 
the leftmost character of the sum is discarded. 

4. The PRI's are not affected by BA. 

5. The rules for binary addition may be stated as 
follows: 



HSM after Instruction: 



Sum 


Carry 


+ = 





0+1 = 1 





1 + 1=0 


1 


+1+1=1 


1 



The B Register is used to address the augend and 
the sum. Immediately before a character is picked up 
from the augend the contents of the A and B Reg- 
isters are matched for equality. The BA operation is 
concluded after A — B equality is attained. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A), 

(B), =(A)i-(01), 

(T)t = (MSD of addend) - (01)^ 

Timing 

Total time in microseconds = 45« 

where n is the number of characters in the augend. 

Example (BA) 

Instruction: 41 000703 00 000707 

T Register is preset to 002155 

HSM before Instruction is executed: 



00 01 02 03 



0007 



01 01 01 40 



04 05 Oi 07 



30 20 10 01 



<A), 



(B), 



0021 



50 51 52 53 54 55 56 57 



01 42 01 74 05 05 05 01 



0007 



00 01 02 03 



'01 01 01 02 



04 05 06 07 



32 14 15 06 



(B)r(A), 



0021 



50 51 52 53 



/Ol 42 01 74 



54 55 56 57 



05 05 05 01 



(T). 



Final register contents: 

(A)f = 000703 (B), = 000702 (T)f = 002150 

Time: 

45x5 — 225 fis. 



42: Binary Subtract (BS) 

General Description 

This instruction performs^ijinary subtraction of one 
operand from another operand of equal length, placing 
tEedmerence in the HSM locations originally occupied 
by tKe minuend. The operands may be of any length . 
Each character (including control symbols) is treated 
as if it were numeric. 

Format 

A address — HSM location of the leftmost character of 

flielnlnuend (and difference). 
B address — HSM location of the rightmost character 

of the minuend (and diJEference). 
Preset T Register [see Set Register Instruction (72), 
^--" — — page 23], so that it contains the 

HSM location of the rightmost char- 
^cteF oT the" "suBlr aKen^T""""" 

Direction of Operation 

Right to left. 

Outline of Logic 

Binary Subtract works according to the following 
rules : 

1. There is no search for signs or the least significant 
characters of operands and there are no special con- 
trol symbols. Every character enters into the sub- 
traction and is treated as if it were numeric. 

2. The PRI's are set according to the relative magnitude 
of the operands. However, the sign of the difference 
is not stored in the HSM. 

PRI settings: 

PRZ if the difference = (0)^. 
PRP if minuend > subtrahend. 
PRN if minuend < subtrahend. 

3. All six bits of each character in the operands are 
considered in the subtraction. 
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4. The "ones" complement of the subtrahend is taken 
and a binary addition is performed, with a "one bit" 
automatically added to the least significant bit posi- 
tion of the diflference. 

5. Any carry from the most significant bit position of 
the difference is discarded. If there is a carry, the 
difference is positive; if no carry, difference is nega- 
tive. 

6. The digits of the minuend are replaced, one by one, 
with digits of the difference as the operation 
proceeds. 

7. Binary Subtract ends after A — B equality has been 
attained. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A)i 

(B), = (A), - (01)8 

(T)t = (MSD of subtrahend) - (01)5. 

Timing 

Total time in microseconds = 45« 

where « is the number of characters in the minuend. 

Example (BS) 

Instruction: 42 001105 00 001111 

T Register is set to 001067 

HSM before Instruction: 



COM 



04 05 06 07 



' 01 01 44 54 



10 II 12 13 



64 74 01 01 



(A). 



60 6! 62 63 



0010 



lOl 01 01 02 



(B), 
64 65 66 67 V 



05 04 04 04 



(T). 



HSM after Instruction: 



04 OS 06 07 



0011 



fOl 77 37 50 



10 II 12 13 



60 70 01 01 



(B),(A), 



60 61 62 63 



0010 



01 01 01 02 



64 65 66 67 



05 04 04 04 



(T)r 
Final register contents: 

(A), =001105 (B)t= 001104 (T), = 001062 
PRN is set. 

Time: 

45x5 — 225 fis. 



43: Sector Compare (SO 

General Description 

This instruction is used to determine the _j:elative 
magnitude of two operands of equal length. A single 
Opei^and may consist' of one character or any number 
of alpha-numeric characters and/or symbols. Binary 
subtraction is performed, but the difference is not stored 
in the HSM. However, the resultant PRI settings permit 
alternative sequences of instructions. 

Format 

A address — HSM locatioti of the leftmost character of 
the minuend. 

B address — HSM location of the rightmost character 
of the minugod. 

PresetTRegister [see Set Register instruction (72), 
page 23], so that it contains the 
HSM locatio n of the r ightmost char- 
acteFoTthe subtrahend. (The lengflff 
of the subtrahend is determined by 
the length of the minuend.) 

Direction of Operation 

Right to left. 

Outline of Logic 

Subtraction is performed exactly as in the Binary 
Subtract instruction except that the difference is not 
stored in the HSM. 

A positive result sets PRPi. a negative result sets 
PRN; a zero result sets PRZ. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A)r = (A). 
(B), = (A). - (01)s 

(T)t = one HSM^location to the left of the leftmost 
character of subtrahend. 

Timing 

Total time in microseconds = 45w 

where « is the number of characters in the minuend. 

Examples (SO 

1. Instruction: 43 010104 00 010112 
T is preset to 020217 

HSM before and after Instruction is executed: 



Old * 


(.3 


04 05 06 07 


10 II 12 13 


" 


(• 


A J 6 1 


4 3* 


'( 




(B)f 


(A)i 
(A)f 


(B)i 





51 



0202 



10 II 12 13 



• A F 



14 15 16 17 







20 21 22 



A • 



(T)r 



(T), 



Final register contents: 

(A)f ::= 010104 (B)f = 010103 (T), 
PRP is set. 



020210 



Time: 

45x7 



315 /iS. 



2. Instruction: 43 012315 00 012315 
T is preset to 021556 

HSM before and after Instruction is executed: 



12 13 



0123 



14 15 16 17 



(B),(A). 
(B), 
(A)f 



53 



0215 



54 55 56 57 



A J 



60 61 



(T),(T), 

Final register contents: 

(A)t= 012315 (B)t = 012314 (T)t = 021555 
PRZ is set. 

Time: 

45 //.s. 



44: Three-Character Add (TCA) 

Generql Description 

TCA is mainly designed to modify addresses of in- 
structions and to keep octal counters. As such, it per- 
forms binary addition of- an augend stored in thg jrigbtT 
most three locations of a tetrad and a three-character 
aid3end. The result is automatically stored in the loca- 
tions previously occupied by the augend? 

Format 

A address — HSM location of rightmost character of 

the augend (and sum). 
B address — HSM location of rightmost character of 

ffieaddend. 

Direction of Operation 

Right to left. 

Outline of Logic 

The TCA instruction operates according to the fol- 
lowing rules : 

1. There is no search for the least significant charac- 



ters or signs of the operands. Every character enters 
into the addition. 

2. The PRI's are not affected by the TCA, and a sign 
is not stored in the sum. 

3. The addition considers all six bits of the characters 
in the operands. 

4. Any carry from the most significant bit position of 
the sum is discarded. 

5. All characters are treated as numeric; there are no 
special control symbols. The addition ends when 
the two least significant bits in the A Register are 
01. (Note that, although this termination condition 
is constant, addition actually starts with the charac- 
ters in the locations designated by the A and B 
addresses. TCA can, therefore, also be used as a one 
or two-character add if the A address refers to Cj 
or Cg of a tetrad, or as a four-character add if the A 
address refers to Co of the tetrad to the right. This 
is also applicable to the Three-Character Subtract 
instruction.) 

6. The sum replaces the augend in the HSM, character 
for character. 

Addressobie Registers Used 

A B 

Final Register Contents 

(A), = (MSD of sum) - (01 )g 
(B)f = (MSD of addend) - (01)3 

Timing 

Time in microseconds = 45« 
« = 1, 2, 3 or 4 

Example (TCA) 

Instruction: 44 001003 00 001226 

HSM before Instruction is executed: 



0010 



00 01 02 03 



'01 76 25 74 



04 



10 



(A)> 



23 



0012 



10 



24 25 26 27 



40 07 13 16 



30 



32 



(B), 
HSM after Instruction: 



00 01 02 03 



0010 



01 36 35 07 



04 



10 



(A)r 



52 



23 



0012 



10 



24 25 26 27 



40 07 13 16 



30 



32 



F/m*^/ register contents; 

(A)r = 001000 (B)t = 001223 

45 X 3 = 135 IX.S. 



45: Three-Character Subtract (TCS) 

General Description 

Like the Three-Character Add, TCS is mainly de- 
signed for address modification and octal counters. It 
performs binary s ubtrartion_oi__two_o£etandsjito^^ 
the rightmost three locations of their respective tetrads. 
The differen£e is_aut(ynatkall£ stored _m the locations 
previously occupied by tbe IBJRuend. 

Format 

A address — HSM location of jifihtmost^character of 
~ the minuend j[ and difference) . 

B address — HSM location of rightmost character of 
"IHe'suBtrahend. 

Direction of Operation 

Right to left. 

Outline of Logic 

The TCS instruction operates according to the follow- 
ing rules: 

1. Every character enters into the subtraction. There 
is no search for the signs or least significant charac- 
ters of operands and there are no special control 
symbols. The operation ends when the two least 
significant bits in the A Register are 01. 

2. A sign is not stored to the right of the difference, 
although the PRI's are properly set to reflect the 
relative magnitudes of the operands. 

3. The subtraction considers all six bits of characters 
in the operands. 

4. The subtrahend is complemented ("ones" comple- 
ment) and a binary addition is performed. 

5. A "1" (complementary carry) is automatically added 
into the least significant bit position of the differ- 
ence. Any carry from the most significant position 
is discarded. If there was a carry, the difference is 
positive; if no carry, the difference is negative. 

6. The difference replaces the minuend in the HSM. 

Addressable Registers Used 

A B 



Final Register Contents 

(A)( = (MSD of the difference) - (01)g 
(B)( = (MSD of the subtrahend) - (01)^ 

Timing 

Time in microseconds — 45n 
»= 1, 2, 3 or 4 

Example (TCS) 

Instruction: 45 0OH67 00 001313 

HSM before Instruction is executed: 

\ 



0011 



ri 



16 



64 65 66 67 



23 04 56 31 



70 



20 



(A). 



07 



0013 



24 



10 II 12 13 



02 00 00 10 



14 



36 



(B). 



HSM after Instruction: 



63 



0011 



16 



64 65 66 67 



23 04 56 21 



70 



20 



(A)r 



0013 



07 



,24 



10 II 12 13 



02 00 00 10 



14 



36 



(B), = 001310 



(B), 

Pinal register contents: 
(A) I =001164 
PRP is set. 

Time: 

45 X 3 = 135 jLiS. 



46: Logical "or" (LO) 



General Description 

This instruction performs a function similar to the 
"or" in machine lo^i^ inserting "1" .tits from a speci- 
fied modifier into a specified operand of equal length. 



Format 

A address — HSM location of the leftmost character of 

the operand to be modified. 
B address — HSM location of the rightmost character 

of the operand to be modified. 
Preset T Register [see Set Register instruction (72), 
"zrr"""" page 23], so that it contains the 

HSMJoca.tion of the rightmost char- 
acter of the modifier. 
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B 



Direction of Operation 

Right to left. 

Outline of Logic 

LO is a sector instruction; it is completed after A 
equality is attained. 

The operation is performed by a series of bit addi- 
tions on aligned pairs of characters, proceeding from 
right to left. All six bits of each character enter the 
addition, but a carry is not propagated from one bit 
position to the next. There are no special control 
symbols. 

The rules for the addition are as follows: 
P + = 
,' 1 + 0=1 



'; + 1 = 

I 1 + 1 = 
For example, 

011010 
+ 101100 



llllIO 

The sum (modified operand) is placed, character by 
character, in the HSM locations originally occupied by 
the operand to be modified. 

The PRI's are not affected by LO. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A)i 
(B), = (A), - (01)« 

(T)f = HSM location of leftmost character of the 
modifier minus (01)g. 

Timing 

Total time in microseconds = 45« 
where w is the number of characters in the operand 
to be modified. 

Examples (LO) 

1. Instruction; 46 000722 00 000724 
T preset to 000540 

HSM before Instruction is executed: 



20 21 22 23 



0007 



1 74 74 74 46 



24 



45 



(A), (B), 



0005 



34 35 36 37 



01 41 41 40 



40 



40 



(T)i 



HSM after Instruction: 



0007 



0005 



^20 21 22 23 


^^ 


J74 74 75 46 


45 


(B),(A), 


f 34 35 36 37 


40 


01 41 41 40 


40 



(T)f 

Final register contents: 

(A)f = 000722 (B),= 000721 (T)t = 000535 

Time: 

45 X 3 = 135 lis. 

2. Instruction: 46 000622 00 000622 

Register T preset to 000550 

HSM before Instruction is executed: 



0006 



20 21 22 



'06 00 00 



47 



0005 



00 



so SI 



10 36 



(A), 
(B). 

HSM after Instruction: 



(T), 



0006 



20 21 22 



' 06 00 10 



47 



0005 



00 



50 51 



10 36 



(B)r(A), 

Final register contents: 
(A), = 000622 (B), 

Time: 

45 fx.s. 



(T), 



000621 (T), = 000547 



47: Logical "and" (LA) 

General Description 

This instruction performs a function similar to the 
"and" in machine logic. It may be used to extract "1" 
bits f rom ,^an .operand according to~a^~sec6hd operand 
("mask") of equal length. 

Format 

A address — HSM location of the leftmost character of 

the bp^ rjuid JiO b&.JaQdified. 
B address — HSM location Qf„the rightmost character 

of the operand to be modified. 
Preset T Register [see Set Register instruction (72), 
~ . I" J^»i^.'''^^^^page 23], so that it contains the 
HSM Jatatign of the rightmost char- 
acter of the extract pattern (mask). 
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Direction of Operation 

Right to left. 

Outline of Logic 

LA is a sector instruction; it is completed after A — B 
equality is attained. 

The operation is performed by a series of bit multi- 
plications on aligned pairs of characters, proceeding 
from right to left. All six bits of each character enter 
the multiplication, with no carry propagated from one 
bit position to the next. There are no special control 
symbols. 

The rules for the multiplication are as follows: 
0x0 = 
0x1=0 
1x0 = 
1x1 = 1 
For example, 

011010 
X 101100 



HSM after Instruction: 



001000 
Characters in the operand to be modified are replaced, 
one by one, by characters of the product. 

The PRI's are not affected by this instruction. 

Addressable Registers Used 

A B T (preset) 

Final Register Contents 

(A), = (A), 

(B), =(A).-(01), 

(T), = (MSD of mask) - (01)8 

Timing 

Total time in microseconds = 45n 
where » is the number of characters in the operand 
to be modified. 

Example (LA) 

Instruction: 47 000722 00 000724 
T is set to 000540 

HSM before Instruction is executed: 



0007 



20 21 22 23 



74 74 74 46 



24 



45 



(A) I (B)> 



0005 



34 35 36 37 



lOl 41 41 40 



40 



40 



0007 



20 21 22 23 



74 74 40 40 



24 



40 



(B), (A), 



34 35 36 37 



0005 



101 41 41 40 



40~^ 
40 



(T), 

Final register contents: 
(A)t = 000722 (B)t 

Time: 

45x5 = 135 /iS. 



000721 (T)f = 000535 



(T). 



71: Transfer Control (TO 

General Description 

This instruction either causes an unconditional break 
in the sequence of instructions or takes action accord- 
ing to the settings or the Breakpoint Switches on the 
ConSputEF Console. 

Format 

A address — HSM addressjjlthejljext instruction to be 
executed (unless nullified by BreaEpmht 
bits and switch settings). 
B address: 

B, — contains the Breakpoint bits. 
B2B3 — ignored. 

Outline of Logic 

The six bits of B, are matched against the 6 two- 
position Breakpoint Switches on the Console. If any one 
of the control bits in B, is a "1", and its corresponding 
Breakpoint Switch is in the "ignore" position, the 
transfer will not take place and the program will 
progress to the next instruction in sequence. If the trans- 
fer is performed, the contents of the P Register are 
placed in standard HSM locations and the contents of 
the A Register are placed in the P Register. In either 
case, the B address is not placed in the B Register, the 
Breakpoint bits being examined in either the SW or 
the SR Register. However, address modification, if 
called for, will be performed on the contents of the B 
Register (left by a previous instruction). 

Note: STA is not performed by this instruction. 

Addressable Registers Used 



Final Register Contents 

(A), = (A), 

(B)( = (B)i (contents left by a previous instruction) 

Timing 

15 /xs. 
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61: Conditional Transfer of 
Control (CTC) 

General Description 

This instruction chooses one of three sequences of 
instructions, in accordance witli the setting of the PRI's. 

Format 

A address — HSM location of the next instruction to be 

executed if PRP is set. 
B address — flSM location of ilie next instruction to be 

executed if PRN is set. 
If PRZ is set, the instruction in the location immedi- 
ately following the CTC will be 
executeH. 

Outline of Logic 

The PRI's are examined. If PRZ is set, the next in- 
struction in sequence is staticized. If PRZ is not set, the 
contents of the P Register (which holds the address of 
the next instruction in sequence) are placed in standard 
HSM locations. If PRP is set, the contents of the A 
Register are transferred to the P Register. If PRN is 
set, the contents of the B Register are transferred to the 
P Register. 

Note: STA is not performed by this instruction. 

Addressable Registers Used 

A B 

Final Register Contents 

(A), = (A). 
(B), = (B), 

Timing 

If PRZ was set, only staticizing time is required. 
If PRP or PRN was set, the operation takes 15 /ts in 
addition to staticizing time. 



66: Tally (TA) 

General Description 

This instruction permits looping through a sequence 
of operations by automatically reducing a prestored 
quantity each time control is transferred to the begin- 
ningof the sequence. When the quantity has been 
exhausted, the Tally ends and the instruction following 
it is performed. 

Format 

A address — HSM location of the next instruction to 

"Be performed it the quantity being tested 

EaTnoTroeii jafhaustedC ~ 

B address — HSM address of the tetrad containing, in 

"Its rightmost three locations, the quantity 

~~i6 t>e tested. 



Outline of Logic 

The rightmost three characters of the tetrad specified 
by the contents of the B Register are read out of the 
HSM and into the T Register. Then, (000001 )8 is sub- 
tracted from this quantity, and the result is tested. If 
the result is (777777)8, the Tally ends and the next 
instruction in sequence is executed. If the result is not 
(777777)3, it is placed in the HSM locations of the 
original quantity. The contents of the P Register are 
then stored in standard HSM locations, and the contents 
of the A Register are transferred to the P Register. 
STA is not performed by this instruction. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A), = (A), 

(B)r =(B)i 

(T)f = Quantity tested minus (000001)8 each time 
TA is performed. Note: If the quantity tested 
is (000000)8, the contents of the T Register 
will be reduced to (777777)8. 

Timing 

30 fji.s if the quantity tested is (000000)8- 
60 [xs if the quantity is not (000000)8 



77: Return After Interrupt (RAD 

General Description 

This instruction is used to re-enter a program after 
an unscheduIedUnterruption, such as for Rollback or for 
aTiieHerpriority proeram. 

The RAI was designed not only to transfer control, 
but to permit both the A and B Registers to be properly 
set in the process. Thus, when the main program is 
re-entered, all of the pertinent conditions prevailing at 
the time of interruption can be re-established. 

Format 

A address — should contain the address to appear in the 
A^RFgistSrwRefflSe program isre-entered. 

B address — ^fiould contain the address to appear in the 
B Register when the program is re-entered. 

Outline of Logic 

The RAI instruction automatically transfers into the 
P Register the contents of standard HSM locations 
(000001)8 — (000003)8, effecting a transfer of control. 
Storing of the desired P Register setting into these 
locations must be accomplished by a previous instruc- 
tion. Although RAI ignores the A and B addresses, 
whatever is inserted into these addresses will be trans- 
ferred into the A and B Registers when the instruction 
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is staticized, with address modification if indicated, for 
use on re-entry into the main program. This instruction 
goes through STA. 

Registers Used 
A B P 

Final Register Contents 

(A), = (A), 

(B)t = (B)i 

[(P)( = contents transferred from HSM locations 
(000001)8— (000003)s (i.e., HSM address 
of next instruction to be executed).] 

Timing 

15 /iS. 



76: Stop (ST) 

General Description 

This instruction inhibits the staticizingjof aoj;. fiijthsr, 
instruct ions, halti ng_fhe.£QiBputer~a^ec-^Qtnftletion of 
any instruction in the Simultaneous Mode. 



Format 

A address ■ 
B address- 



- ignored, ^^g 
Ignored. \ 



Outline of Logic 

If^he Simultaneous Mode is unoccupied when the 
stop instruction is staticized, the Computer stops im- 
mediately. If it is occupied, the Simultaneous instruction 
is completed before the Computer stops. However, if 
a "read" parity error is detected in the Simultaneous 
Mode after a stop instruction is staticized, the Computer 
will stop, without attempting to perform Rollback. 

The stop instruction goes through STA. 

Addressable Registers Used 

None. 

Final Register Contents 

(A), = (A), 
(B)c -(B). 

Timing 

Staticizing and STA time only. 



Format 

A address — HSM location of the next instruction to be 
lexecuted if the condition or conditions 
being testeSTare present. 
B address: 

B, — specifies the Tape Station number. 
Bj — specifies the tests tq be performed. [(111111) 
in Ba will perform all six tests; (000001) will 
A pertorrnonly the first test.] 

\ "1" Bit in ~ "" ' "" T^sts 
I y^2" '• Is the tape positioned on BTC 
j f-^ 2K^' Has ETW been sensed? y w y^^ML 
J ,' 2^. it Is the tape -now .OaMmmm} ui UTUVtlig 
forward? /T, fJ-.-^ ? 



I *' 2'' I ' Is the tape now - m o \img« in a reverse 

I _ ,, JiiiiiiiiiMl'WI"" fft i 'i- C / 

j "' 2* Is the tape now in motion .' 

1, - 2-' y Is the Tape Station non-operable .'' 

B., — Not used. 

If the B, character is (77)8, the Monitor Printer will 
be tested if the SR Register is occupied and the Paper 
Tape Reader will be tested if SR is unoccupied. In 
either case, the only valid test would be with respect to 
operability ("1" bit in 2^). 

Outline of Logic 

The Tape Station number (Bj) is placed in either the 
SW or the SR Register (whichever is unoccupied). 
The tests called for by the "1" bits in B^ are performed. 
If any one of the conditions tested is present, the con- 
tents of the P Register are transferred to standard HSM 
locations and the contents of the A Register are then 
transferred to the P Register, effecting transfer of 
control to the instruction specified by the A Register. 
If a transfer is not called for, the next instruction in 
sequence will be executed. The TS instruction does not 
go through STA. 

Addressable Registers Used 
A B 

Final Register Contents 

(A)r = (A)i 
(B)r = (B)i 

Timing 

30 ^s if no transfer. 

45 fis if a transfer is executed. 



63: Tape Sense (TS) 

General Description 

This instruction tests the status of a given Tape 
Station, permitting program direction to one of two 
sequences of instructions. 



02: Print (PR) 

General Description 

This instruction transfers the characters stored in 120 

consecutive HSM locations to the Line Printer, causing 

"one line to be printed. The operation is initiated only 
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when the Simultaneous Mode is free, since it uses both 
the Normal and Simultaneous Modes. 



Format 

A address- 



• leftmost HSM location of the sector to be 



printed. 
As must be an even nug^er. 
A3 must be (00)9. 
B address — ignored. 

Direction of Operation 

Left to right. 

Outiine of Logic 

The contents of the A Register are initially duplicated 
in the B Register, which is increased by (04)8 after each 
tetrad processed. 

As the drum revolves, the Line Printer sends signals 
to the Computer, indicating which row will next be in 
the print position. The sector of 120 characters is read 
out of the HSM by tetrads and scanned for the character 
that will next be in print position. Each time the full 
sector has been scanned, the Line Printer's Shift Regis- 
ter contains 120 "1" and "0" bits, the "1" bits corres- 
ponding to the locations in which the character is to be 
printed. AH occurrences of the character are printed at 
one and the same time. The process is repeated for each 
of the 54 rows of characters (including the three nor- 
mally nonprintable characters =, -}-, and @), so that 
printing of the 120-character line is completed when 
the print drum has made one full revolution. 

One character is completely printed when the con- 
tents of the B Register have been increased by (170)8. 
[Note: (170)8 = (120)io = number of characters in 
the sector.] The operation is terminated when the T 
Register has been increased to (003124)8- Initially, the 
T Register is automatically cleared to zeros; (01)5 is 
added each time a tetrad is scanned [(120/4) (54) = 
(I620)i„ = (3124)8]. 

Addressable Registers Used 

A B T (not preset) 

Final Register Contents 

(A),= (A)( 

(B)e = (A), + (000170)8 

(T), = (003124)8 = number of tetrads in the sector 
times the number of character lines around 
the circumference of the print drum. (30) lo x 
(54)io = (I620)i„ = (3124)8. 

Timing 

One line is printed in 61 milliseconds. 

Example fPR) 

02 023200 00 000000 



This instruction will effect printing, on the Line Printer, 
of the contents of HSM locations (023200)8 — 
(023367)8, inclusive. 

Final register contents: 
(A)( = 023200 
(B), = 023370 
(T), — 003124 

Time: 
67 ms. 



03: Paper Advance (PA) 

General Description 

This instruction positions the paper in the Line 
Printer for the next line of printing. It can advance the 
paper a specified number of lines, designated either by 
A2A3 or by the punches in a tape loop on the Printer. 
This is a potentially simultaneous instruction. While 
in the Simultaneous Mode, it does not restrict the use 
of any other instruction in the Normal Mode except 
Print or another Paper Advance. 

Format 

Loop Controlled Advance: 
A address: 

Ai — denotes the type of advance. 

An odd number (octal) = Vertical Tabula- 
tion (VT). 

An even number (octal) = Page Change 
(PC). 
A2A3— (0000)3. 
B address — ignored. 

Instruction Controlled Advance: 
A address: 

Aj — ignored. 

A2A3 — the number (octal count) of lines the paper 
is to be advanced. 
B address — ignored. 



Outline of Logic 

The A2A3 characters are tested. If they are not 
(0000)8, a signal is sent to the Printer to advance the 
paper. When one line has been shifted, the Printer sig- 
nals the Computer and the A2A3 characters (in the A 
or S Register) are decreased by (0001)5. This process 
continues until (0000)8 emerges from the Bus Adder; 
the Computer then signals the Printer to stop the Paper 
Advance. If the A2A3 characters are initially (0000)8, 
the Aj character is examined, and the function (VT 
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or PC) specified is performed in accordance with the 
punches in the tape loop on the Printer. [(0001)8 is 
subtracted from the AaAg characters (in the A or S 
Register) with each line shifted.] 

This instruction does not use the SW or SR Register, 
nor is it stored in standard HSM locations. 

Addressable Registers Used 

A or S 

Final Register Contents 

If the operation is concluded in the Normal Mode: 

(A,), = (AOi 

(A2A3), = (0000)8 if (A2A3), > (0000)8 or 

(AjAj), = (0000)3 minus the number of lines shifted 

if (A^Aa), = (0000)8 
(B)« = (B). 

If the operation is concluded in the Simultaneous 
Mode: 

(S)| settings are analogous to (A), settings above. 

Timing 

Total time (paper motion time) in milliseconds: 

30 for single line shifting 

30 + (« — 1) 20 for multiline shifting 

where » is the number of lines advanced. 

Examples (PA) 

Loop Controlled: 

Instruction: 

A N B 

03 050000 00 000000 

In this case the paper on the Line Printer will be ad- 
vanced in accordance with the punches in the VT column 
of the tape loop on the Printer. 

Instruction: 

A N B 

03 120000 00 000000 
In this case the paper will be advanced in accordance 
with the punches in the PC column of the tape loop 
on the Printer. 

Computer Controlled : 

Instruction: 

A N B 

03 000011 00 000000 
In this case the paper will be advanced nine lines. 



62: Sense Simultaneous Mode (SSM) 

General Description 

This instruction selects one of four sequences of 
instructions, depending upon whether the Simultaneous 
Mode is (l\ unoccupied . (2) occupi ed by a "read " 
instruction , (3) occupied .Jb iLAj^aintfi- insi^ructiQXL or 
(4) occupied by aPa per Advan ce. 



Format 

A address - 



HSM location of the next instruction to be 



executed if a "read" is in the Simultaneous 
Mode. 



B address — HSM location of the next instruction to be 
executed if a "write" is in the Simultan- 
eous Mode. 

If the Simultaneous Mode is unoccupied, the instruc- 
tion in the location immediately following the SSM 
instruction is executed. 

If a Paper Advance is in the Simultaneous Mode, 
control is automatically transferred to HSM location 
(000200)8. (The programmer will have previously 
stored, in this location, an instruction that will transfer 
control to the desired sequence.) 

Outline of Logic 

A test is made of the Simultaneous Mode indicator. 
If it is not set, the SSM ends and the Computer con- 
tinues to the next instruction in sequence. If it is set, 
the contents of the P Register are stored in standard 
HSM locations and the "read," "write" and "Paper 
Advance" indicators are tested, in accordance with 
which the address of the next instruction to be executed 
is placed in the P Register. 

Note: STA is not performed in this instruction. 

Registers Used 

A B 

Final Register Contents 

(A),-(A)i 
(B)r =(B)i 

Timing 

15 ;US. 



65: Sense Simultaneous Gate (SSG) 

General Description 

This instruction chooses one of two sequences of 
instructions, depending upon whether or not the Simul- 
taneous Gate is open. 
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Format 

A address — H SM location^of the o^xt instmction to be 
executed if the Simultaneous Gate is open. 

B address — HSM location of the next instruction to be 
executed if the Simultaneous Gate is 
closed. 

Outline of Logic 

The contents of the P Register are stored in standard 
HSM locations. The gate controlling entrance to the 
Simultaneous Mode is examined. If it is closed, the 
contents of the B Register are transferred to the P 
Register. If the gate is open, the contents of the A 
Register are transferred to the P Register. 

Note: STA is not performed by this instruction. 

Addressable Registers Used 
A B 

Final Register Contents 

(A)r = (A). 

(B), = (B). 

Timing 

15 fis. 



75: Control Simultaneous Gate (CSG) 

General Description 

This instruction is used to open or close the ^ate 
which controls entrance into the Simultaneous Mode, 
making it possible to either prevent or permit simul- 
taneous oper^tjons.— 

Format 

A address — ignored. 
B address: 

Bj — must be even (2" bit = "0") if gate is to be 
opened, and odd (2" bit — "1") if gate is to be 
closed. 
B2B3 — ignored. 
Note: This instruction does not go through STA. 

Addressable Registers Used 
B 

Final Register Contents 

(A), = (A)i 
(B), =(B), 

Timing 

15 /iS. 
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Appendices 



APPENDIX IV. LIST OF INSTRUCTIONS 



INPUT-OUTPUT INSTRUCTIONS 

Op. Code Instruction Name Ptge 

02 Print 57 

03 Paper Advance 58 

04 Linear Read Reverse 24 

05 Block Read Reverse 26 

06 Unwind n Symbols 30 

11 Single Sector Write 28 

12 Linear Write 27 

13 Multiple Sector Write 29 

14 Linear Read Forward 24 

15 Block Read Forward 25 

16 Rewind n Symbols 30 

17 Rewind to BTC 31 

DATA-HANDLING INSTRUCTIONS 

21 Item Transfer 35 

22 One-Character Transfer 33 

24 Sector Transfer by Character 34 

25 Three-Character Transfer 33 

26 Sector Transfer by Tetrad 35 

27 Random Distribute 37 

31 Locate »th Symbol in Sector 36 

32 Zero Suppress 38 

33 Justify Right 39 

34 Sector Clear by Character 32 

35 Sector Compress — Retain Redundant 

ISS's 41 

36 Sector Clear by Tetrad 32 

37 Sector Compress — Delete Redundant 

ISS's 41 



ARITHMETIC INSTRUCTIONS 

Op. Code Instruction Name P"/?* 

41 Binary Add 49 

42 Binary Subtract 50 

43 Sector Compare 51 

44 Three-Character Add 52 

45 Three-Character Subtract 53 

46 Logical "or" 53 

47 Logical "and" 54 

51 Decimal Add 42 

52 Decimal Subtract 44 

53 Decimal Multiply 46 

54 Decimal Divide 47 



DECISION AND CONTROL INSTRUCTIONS 

61 Conditional Transfer of Control . . 56 

62 Sense Simultaneous Mode 59 

63 Tape Sense 57 

65 Sense Simultaneous Gate 59 

66 Tally 56 

71 Transfer Control 55 

72 Set Register 23 

73 Store Register 23 

75 Control Simultaneous Gate 60 

76 Stop 57 

77 Return After Interrupt 56 
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APPENDIX Y. SUMMARY 



Op. 
Code 


Instruction 


A Address 


6 Address 


T Register 


STA 


STPt 


Sets 
PRI's 


P.S. 




00 




















01 




















02 


Print 


Leftmost tetrad of sector 
to be printed; As must be 
(00)8; Aj must be even 


Ignored 


Not preset — used as 
internal counter 


Yes 










03 


Paper Advance 


AsAa = no. of lines to ad- 
vance 

Ai ignored 
Loop-controlled: 
A=A, = (0000), 
Ai: 2" bit = 1, Vertical 

Tab. 

2° bit = 0, Page 

Change 


Ignored 


Not preset 


Yes 






Yes 




04 


Linear Read Reverse 


Destination tetrad of EM 
(EM will always be 
placed in C>) 


B, = Tape Station* 
B2B3 ignored 


Not preset 


Yes 






Yes 




05 


Block Read Reverse 


Destination tetrad of 1st 
char, transferred from tape 
(1st char, will always be 
placed in Cs) 


Bi ~ Tape Station* 
B2B3 ignored 


Not preset 


Yes 






Yes 




06 


Unwind « Symbols 


Ai = symbol 
AjAs = no. of symbols 
(octal count) 


B, = Tape Station 
B2B3 ignored 


Not preset 


Yes 






Yes 




07 




















10 


*■ ' '■ '' ■' 


















11 


Single Sector Write 


HSM loc. of leftmost 
char, to be written out 


HSM loc. of rightmost 
char. 


Preset 

T, = Tape Station* 

T.Ta ignored 


Yes 






No 




12 


Linear Write 


HSM loc. of leftmost 
char, to be written out 


B, = Tape Station* 
B2B3 ignored 


Not preset 


Yes 






Yes 




13 


Multiple Sector 
Write 


Leftmost tetrad of stored 
list of addresses 


B, = Tape Station* 
B2B3 ignored 


Not preset — used as 
internal counter 


Yes 











* (77), in B, will select the Monitor Printer, or Paper Tape Punch via the Monitor Printer, in write instructions, and the Paper 

Tape Reader in read instructions. 
fThe contents of the P Register are automatically stored (in standard HSM locations 000241-000243) only when control is 

actually transferred. 
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OF INSTRUCTIONS 





Remarks 


Post-Operational Register Settings^ 




A Register 


B Register 


T Register 
























Occupies both modes 

The character (00), must not 

appear in print-out sector 


(A), = (A), 


(B), = (A), + (000170).== 
(120),o 
— No. of characters 


(T), = (003124), = (30)10 X 
(54),, 
= 54 cyc/tetrad X 30 
tetrads 




Ai ignored unless 
A2A3 = (0000), 


1. Normal Mode 
(AO. = (AOi 
(AA). = (0000) g if 
(AsAs), > (0000), or 
(AaA,)! = (0000), minus 
no. of lines shifted if 
(AjA,), = (0000), 

2. Simultaneous Mode 

(S)f settings analogous to 
(A)( settings above 


1. (B), = (B), 








1. Normal Mode 

(A), = HSM loc. of SM, 
ED or EF 

2. Simultaneous Mode 
(S)f = HSM loc. of SM, 
ED or EF 


1. (B), = (B). 








1. Normal Mode 

(A)f = loc. of last char, 
read in 

2. Simultaneous Mode 
(S)f = HSM loc. of last 
char, read in 


1. (B), = (B), 






A read instr. cannot be simult. 
with UNS 

Possible symbols : EM [(TS),], 
ED [(73),], EF [(72),], 
Gap [(00),] 


1. Normal Mode 
(A,)f = (A0. 

(AjAa)! = (0000), unless 
PET is reached; then (A2A3) 
= no. of symbols left to be 
counted 

2. Simultaneous Mode 

(SOf = (A>). 

(S2S3)f = (0000), unless 

PET is reached; then SjSs - 

no. of symbols left to be 

counted 


1. (B),:^(B). 




























(A), = (B)i 


(B)f = (B), 


(T),= (T), 




1st char, is checked for ED or 
EF (not for SM) 
LW ends when EM (ED or 
EF) is written 


1. Normal Mode 

(A)f = HSM loc. of EM, 
EF or ED 

2. Simultaneous Mode 
(S), = HSM loc. of EM, 
EF or ED 


l.(B), = (B)i 






MSW ends when XXX in 
stored list is (000000), 


(A)t = Address of last tetrad 
in stored list of addresses 


(B), = (B), 


(T), = (000000), 



tif the B, character is (77),, the Monitor Printer will be tested if the SR Register is occupied and the Paper Tape Reader will be 
tested if the SR Register is unoccupied. In either case, die only valid test would be with respect to operability ("1" bit in 2'). 

# Register settings will reflect automatic address modification. 
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APPENDIX Y. SUMMARY OF 



Op. 
Code 


Instruction 


A Address 


B Address 


T Register 


STA 


STPt 


Sets 
PRI's 


P.S. 




14 


Linear Read 
Forward 


Destination tetrad of SM 
(ED or EF) 

(SM, ED or EF will be 
placed in Co) 


Bi = Tape Station* 
B2B3 ignored 


Not preset 


Yes 






Yes 




15 


Block Read 
Forward 


Destination tetrad of 1st 
char, read (this char, will 
be placed in Co) 


Bi ~ Tape Station* 
B2Ba ignored 


Not preset 


Yes 






Yes 




16 


Rewind n Symbols 


Ai = Symbol to be 

counted 
AiAs = No. of symbols 
to be counted 


Bi = Tape Station 
B2B] ignored 


Not preset 


Yes 






Yes 




17 


Rewind to BTC 


Ignored 


Bi = Tape Station 
B;B3 ignored 


Not preset 


Yes 






Yes 




20 




















21 


Item Transfer 


HSM loc. of rightmost 
char, to be transferred 


Destination loc. of right- 
most char. 


Not preset 


Yes 




Yes 






22 


One-Character 

Transfer 


HSM loc. of char, to be 
transferred 


Destination loc. of char. 


Not preset 


Yes 










23 




















24 


Sector Transfer by 
Character 


HSM loc. of leftmost char, 
of sector to be transferred 


HSM loc. of rightmost 
char, of sector to be trans- 
ferred 


Preset — destination loc. 
of rightmost char. 


Yes 










25 


Three-Character 
Transfer 


Address of the tetrad con- 
taining, in C, Ci and Ca, 
the characters to be trans- 
ferred 


Address of the tetrad to 
receive, in Ci, C. and C3, 
the three characters. 


Not preset 


Yes 










26 


Sector Transfer by 
Tetrad 


Leftmost tetrad of sector 
to be transferred 


Rightmost tetrad of sector 
to be transferred 


Preset — destination 
(tetrad address) of 
rightmost tetrad 


Yes 










27 


Random Distribute 


HSM loc. of SM or ISS of 
leftmost item in sector to 
be distributed 


Address of the tetrad in 
the stored list which con- 
tains, (in Ci, Ci and Cs), 
the destination loc. of the 
SM or the ISS of the left- 
most item to be distributed 


Not preset — used for 
internal addressing 


Yes 




Yes 







See footnotes on pages 64 and 65. 



66 



INSTRUCTIONS (Continued) 





Remarks 


Post-Operational Register Settings# 




A Register 


B Register 


T Register 






1. Normal Mode 

(A), = HSM loc. of EM 

2. Simultaneous Mode 
(S)t = HSM loc. of EM 


l.(B), = (B), 








1. Normal Mode 

(A)t = HSM loc. of last 
char, read in 

2. Simultaneous Mode 
(S)( — HSM loc. of last 
char, read in 


1. (B),= (B), 






A read instr. cannot be simult. 

withRNS 

Possible symbols: SM [(76)8], 

ED [(73)8], EF [(72)8], 

Gap [(00)8] 


1. Normal Mode 
(AOf = (A.) 

(AzA,), = (0000)« unless 
the ETC was reached; then 
(AjAa)f — no. of symbols 
left to count 

2. Simultaneous Mode 

(S,)f =(so. 

(SjSs)! = (0000) s unless the 
ETC was reached; then 
(S2S3)f = no. of symbols left 
to count 


1. (B), = (B). 






Rewind is completely free of 
Computer after start 


(A),= (A), 


(B), = (E)i 
















IT ends on transfer of ISS 
If item contains one or more 
non-space characters (to the 
right of the ISS), PRP is set; 
if only space symbols, PRN is 
set 


Original HSM loc. of ISS 
minus (01)8 


Destination loc. of ISS minus 

(01)8 








(A)t=(A)i 


(E), = (B), 


















(A),= (A). 


(E)f = (A), - (01)8 


(T),= (T),-» 

n = no. of char, transferred 




Characters are transferred in 
parallel 


(A), = (A)i 


(B),= (B), 








(A)f = (A). 


(B), = (E), -4« 

a = no. of tetrads transferred 


(T),= (T).-4« 

» = no. of tetrads transferred 




1. If terminal address in list 
has been sensed and the EM 
has not been sensed, PRZ is 
set 

2. If terminal address in list 
has been sensed and EM has 
been sensed, PRP is set 

3. If terminal address in list 
has not been sensed and EM 
has been sensed, PRN is set 

EM is not distributed; ISS 
placed in destination loc. 
instead 


HSM loc. of last control symbol 
(ISS, SM or EM) sensed in 
original area 


(B)f = (B)i + 4« 

« — no. of addresses in stored 
list (including terminal and 
"throw-away" addresses) 


(T)t = (000000)8 
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APPENDIX V. SUMMARY OF 



Op. 
Code 


Instruction 


A Address 


B Address 


T Register 


STA 


STPt 


Sets 
PRI's 


P.S. 




30 




















31 


Locate «th Symbol 
in Sector 


Leftmost HSM loc. of 
sector to be searched 


Rightmost HSM loc. of 
sector to be searched 


Preset 

Ti = Symbol to be 
counted 

T2T3 = No. of symbols 
to be counted 


Yes 




Yes 






32 


Zero Suppress 


Leftmost HSM loc. of 
sector in which zeros are 
to be suppressed 


Rightmost HSM loc. of 
sector in which zeros are 
to be suppressed 


Not preset 


Yes 










33 


Justify Right 


Rightmost HSM loc. of 
item to be justified 


Destination loc. of sign or 
LSC of item 


Not preset — used as 
internal counter 


Yes 




Yes 






34 


Sector Clear by 
Character 


Leftmost HSM loc. of 
sector to be cleared 


Rightmost HSM loc. of 
sector to be cleared 


Not preset 


Yes 










35 


Sector Compress — 
Retain Redundant 
ISS's 


Leftmost HSM loc. of 
sector to be compressed 


Rightmost HSM loc. of 
sector to be compressed 


Preset — destination loc. 
of rightmost retained 
char. 


Yes 




Yes 






36 


Sector Clear by 
Tetrad 


Address of leftmost tetrad 
to be cleared 


Address of rightmost tet- 
rad to be cleared 


Not preset 


Yes 










37 


Sector Compress — 
Delete Redundant 
ISS's 


Leftmost HSM loc. of 
sector to be compressed 


Rightmost HSM loc. of 
sector to be compressed 


Preset — destination loc. 
of rightmost retained 
char. 


Yes 




Yes 






40 




















41 


Binary Add 


HSM loc. of leftmost char. 
of augend (and sum) 


HSM loc. of rightmost 
char, of augend (and 
sum) 


Preset— HSM loc. of 
rightmost char, of 
addend 


Yes 










42 


Binary Subtract 


HSM loc. of leftmost char, 
of minuend (and differ- 
ence) 


HSM loc. of rightmost 
char, of minuend (and 
difference) 


HSM loc. of rightmost 
char, of subtrahend 


Yes 




Yes 






43 


Sector Compare 


HSM loc. of leftmost char, 
of minuend 


HSM loc. of rightmost 
char, of minuend 


HSM loc. of rightmost 
char, of subtrahend 


Yes 




Yes 







See footnotes on pages 64 and 65. 
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INSTRUCTIONS (Continued) 





Remarks 


Post-Operational Register Settings.^ 




A Register 


B Register 


T Register 














PRZ set if (TjT3)f = (0000)^ 

and A ^ B 

PRP set if (TjTOf = (0000), 

and A = B 

PRN set if (T^TOt f (0000), 

and A = B 

Instruction not performed, but 

PRI's set: 

if (TiTOi = (0000)8 (PRZ) 
if (A), = (B).(PRN) 


1. If LNS concluded with 
(TjTOj = (0000).: 

(A), = (A), +«- (02), 
« = no. of symbols counted 

2. If LNS concluded with 
A = B 

(A), = (B)i - (01)8 


(B), = (B), 


1. (T.Ta), - (0000)8 

2. (T.TOf = (TjTs)! minus no. 
of symbols counted 






1. (A), = (A), + «- (02), 
M = number of locations 
searched 

2. If ZS terminated by A-B 
equality 
(A),:=(B)i 


(B), = (B), 


1. (T), = (A), + (01)8 

2. If ZS terminated by A-B 
equality 

(a) Only zeros encountered 
(T), = (B), + (01)8 

(b) Only spaces encountered 
(T)r = (B), 




If a non-space char, is en- 
countered prior to the ISS, 
PRP is set (minus sign = non- 
space char.) 

If only an ISS or spaces and 
ISS, PRN is set 


Original loc. of ISS minus (01)8 


Destination loc. of ISS minus 

(01)8 


(000000)8 if 1st char, in orig- 
inal loc. is space or minus 
(777777)8 if 1st char, in orig- 
inal loc. is not space or minus 






(A),= (A). 


(B), = (B)i -»= (A), - 

(01), 

» — no. of char, cleared 






If the sector contains any non- 
space, non-EM, non-ISS char., 
PRP is set 

If the sector contains only 
spaces symbols, EM, and/or 
ISS, PRN is set 


(A),= (A), 


(B)r = (A), - (01), 


(T), = (T),-» 

n — no. of char, transferred 






(A),= (A), 


(B), = (B), - 4n 

n = no. of tetrads cleared 






If sector contains any non- 
space, non-ISS char., PRP is 
set 

If sector contains only space 
symbols and/or ISS, PRN is set 
Redundant ISS's not deleted if 
(B) 1 — loc. of EM or loc. to 
right of EM 


(A), = (A). 


(B), = (A).-(01)8 


(T),= (T)<-» 
» — no. of char, actually trans- 
ferred 














All characters treated as nu- 
meric; no carry from most 
signif. bit position of sum 


MSC of sum 


(B), = (A)f - (01), 


MSC of addend minus (01)$ 




No carry from most signif. bit 
position of difference; sign of 
difference not stored in HSM; 
PRZ set if diff. = octal zero; 
PRP set if minuend > subtra- 
hend; PRN set if minuend < 
subtrahend 


HSM loc. of MSC of difference 


(B)f = (A), - (01), 


HSM loc. of MSC of subtra- 
hend minus (01)8 




PRI settings same as for Binary 

Subtract 

Difference not stored in HSM 


(A),= (A). 


(B),^ (A), - (01), 


HSM loc. of MSC of subtra- 
hend minus (01), 
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APPENDIX V. SUMMARY OF 



Op. 
Code 


Instruction 


A Address 


B Address 


T Register 


STA 


STPt 


Sets 
PRI's 


P.S. 




44 


Three-Character 
Add 


HSM loc. of rightmost 
char, of augend (and 
sum) 


HSM loc. of rightmost 
char, of addend 


Not preset 


Yes 










45 


Three-Character 
Subtract 


HSM loc. of rightmost 
char, of minuend (and 
difference) 


HSM loc. of rightmost 
char, of subtrahend 


Not preset 


Yes 




Yes 






46 


Logical "or" 


HSM loc. of leftmost char, 
of operand to be modified 
(and result) 


HSM loc. of rightmost 
char, of operand to be 
modified (and result) 


HSM loc. of rightmost 
char, of modifier 


Yes 










41 


Logical "and" 


HSM loc. of leftmost char, 
of operand to be modified 
(and result) 


HSM loc. of rightmost 
char, of operand to be 
modified (and result) 


HSM loc. of rightmost 
char, of modifier 
(mask) 


Yes 










50 




















51 


Decimal Add 


HSM loc. of rightmost 
char, of augend (and 
sum) 


HSM loc. of rightmost 
char, of addend 


Not preset — used in- 
ternally to address the 
sum 


Yes 




Yes 






52 


Decimal Subtract 


HSM loc. of rightmost 
char, of minuend (and 
difference) 


HSM loc. of rightmost 
char, of subtrahend 


Not preset — used in- 
ternally to address the 
difference 


Yes 




Yes 






53 


Decimal Multiply 


HSM loc. of rightmost 
char, of multiplicand 


HSM loc. of rightmost 
char, of multiplier 


Preset — destination loc. 
of sign of product 


Yes 




Yes 






54 


Decimal Divide 


HSM loc. of rightmost 
char, of dividend (and 
remainder) ; must be sign 
or space to right of sign 


HSM loc. of rightmost 
char, of divisor; must be 
sign or space to right of 
sign 


Preset — HSM loc. of 
leftmost digit of 
quotient 


Yes 




Yes 






55 




















56 




















57 




















60 




















61 


Conditional Trans- 
fer of Control 


Address of next instr. if 
PRP is set 


Address of next instr. if 
PRN is set 


Not preset 




Yes 








62 


Sense Simultaneous 
Mode 


Address of next instr. if a 
"read" is in Simult. Mode. 


Address of next instr. if 
a "write" is in Simult. 
Mode 






Yes 








63 


Tape Sense 


Address of next instr. if 
any of the tested condi- 
tions are present 


Preset 

B, = Tape Station^ 

B, = Tests to be 

performed 
B$ ignored 


Not preset 




Yes 








64 




















65 


Sense Simultaneous 
Gate 


Address of next iD'tr. if 
Simult. Gate is open 


Address of next instr. if 
Simult. Gate is closed 


Not preset 




Yes 








66 


Tally 


Address of next instr. if 
Tally quantity is not 
(000000), 


Address of tetrad contain- 
ing (in Ci, Cj and d) the 
Tally quantity 


Not preset — ^used as 
internal counter 




Yes 









See footnotes on pages 64 and 65. 
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INSTRUCTIONS (Continued) 





Remarks 


Posf-Operational Register Settings# 




A Register 


B Register 


T Register 




TCA ends on a G char. 

See also Binary Add (Remarks) 


HSM loc. of MSC of sum 
minus (01)8 


HSM loc. of MSC of addend 
minus (01). 






TCS ends on a d char. 
See also Binary Subtract (Re- 
marks) 


HSM loc. of MSC of difference 
minus (01)8 


HSM loc. of MSC of subtrahend 






Control symbols treated as data 


(A), = (A). 


(B),= (A)i - (01)8 


HSM loc. of MSC of modifier 
minus (01)s 




Control symbols treated as data 


(A),= (A), 


(B)t = (A), - (01)8 


HSM loc. of MSC of modifier 
minus (01)8 














A Register must initially 
address a space, minus or ISS 


HSM loc. that held the MSD 
of augend minus (02): 


HSM loc. of MSD of addend 
minus (02). 


HSM loc. of ISS of sum 




A Register must initially 
address a space, minus or ISS 


HSM loc. that held the MSD 
of minuend minus (02)8 


HSM loc. of MSD of subtra- 
hend minus (02)8 


HSM loc. of ISS of difference 




PRI settings are related to the 
product (not the accumulated 
result) 


HSM loc. of MSD of multi- 
plicand minus (02)8 


HSM loc. of MSD of multiplier 
minus (02) 8 


HSM loc. of MSD of product 
minus (01), 




No. of quotient digits =(No. of 

divisor digits) + 1 

PRZ set if divisor > dividend 

PRP set if signs of operands 

alike 

PRN set if signs of operands 

unlike 


HSM loc. of MSD of remainder 
minus (02)8 


HSM loc. of MSD of divisor 
minus (02). 


HSM loc. of sign of quotient 












































Refers to, but does not set, 
PRI's; if PRZ set, takes next 
instr. in sequence, and ho STP 


(A),= (A), 


(B), = (B), 






Control transferred to 000200 
if PA in Sim. Mode; if Sim". 
Mode unoccupied, next instr. 
in sequence and no STP 


(A),= (A), 


(B), = (B). 






See instr, write-up for condi- 
tions tested by Bj bits 
Next instr. in sequence and no 
STP if none of the conditions 
tested is present 


(A), = (A), 


(B), = (B)i 


















(A)t = (A), 


(B)r=(B). 






STP not performed if quantity 
tested is (000000) s 


[A)r=(A), 


(B), = (B), 


(T)f = quantity tested minus 
(000001).; if (T), 
= (000000)8, (T), = 

(777777)8 
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APPENDIX V. SUMMARY OF 



Op. 
Code 


Instruction 


A Address 


B Address 


T Register 


STA 


STPt 


Sets 
PRI's 


P.S. 




67 




















70 




















71 


Transfer Control 


Address of next instr. to 
be executed 


Bi = Breakpoint bits 
BjBt ignored 


Not preset 




Yes 








72 


Set Register 


Actual value to be placed 
in the register specified by 
Bi 


Bi = Register to be set 
B2B1 ignored 


Not preset 












73 


Store Register 


Address of the tetrad to 
receive (in Ci, Q and Ci) 
contents of register speci- 
fied by R 


Bi = Register whose con- 
tents are to be stored 
B1B9 ignored 


Not preset 












74 




















75 


Control Simul- 
taneous Gate 


Ignored 


B, = Even = Open Gate 
Odd = Close Gate 
B2B1 ignored 


Not preset 












76 


Stop 


Ignored 


Ignored 


Not preset 


Yes 










77 


Return After 
Interrupt 


Actual address to appear 
in A Reg. when program 
is re-entered 


Actual address to appear 
in B Reg. when program 
is re-entered 


Not preset 


Yes 











See footnotes on pages 64 and 65. 
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INSTRUCTIONS (Continued) 





Remarks 


Post-Operational Register Settings^ 




A Register 


B Register 


T Register 
























TC alterable by Breakpoint 
switch settings 


(A)r = (A), 


TC does not use B Register 
(B) f — (B) 1 = contents left by 
previous instr. 






Can set A, P, T and PRI's 


(A), = (A). 


SET does not use B Register 
(B)t = (B)i = contents left by 
previous instr. 






Can store B, P, S, T and PRI's 


(A), = (A), 


STR does not use B Register 
(B)f — (B)i = contents left by 
previous instr. 


















(A), = (A), 


(B),= (B). 








(A), = (A), 


(B). = (B)i 








(A)r = (A). 


(B), = (B), 
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APPENDIX VI. INSTRUCTION TIMING* 



Op 
Code 


Instruction 


Timing in /is 


Expository Notes 


02 


Printt 


67 


One 120-character line 


03 


Paper Advancef 


a. 30 

b. 30 + (»-l) 20 


a. Single line shifting 

b. Multiline shifting 

» = no. of lines skipped 


04 


Linear Read Reverseft 


3.575 + .03» 


n = no. of characters read 


05 


Block Read Reversett 


3.575 + .03 (» + 6) 


M = no. of characters read 


06 


Unwind » Symbolsf 


3.575 + .03» + 4m 


« = total no. of characters read, including 

symbols being counted 
m = no. of gaps encountered 


11 


Single Sector Writeft 


3.575 + .03» 


» = no. of characters read 


12 


Linear Writeft 


3.575 + .03» 


« — no. of characters read 


13 


Multiple Sector Writeft 


3.575 + .03« + .03 (ot-1) 


» = no. of characters read 

m = total no. of addresses in stored list 


14 


Linear Read Forwardff 


3.575 + .03» 


» — no. of characters read 


15 


Block Read Forwardft 


3.575 + .03 (« + 6) 


n = no. of characters read 


16 


Rewind n Symbols 


3.575 + .03« + 4m 


« = total no. of characters read, including 

symbols being counted 
m = no. of gaps encountered 


17 


Rewind to BTC 


a. 300 

b. 105 


a. If the BTC is not positioned at the read-write 
head when the RWD instruction is given 

b. If the BTC is already positioned at the read- 
write head when the RWD instruction is 
given 


21 


Item Transfer 


30« 


« = no. of characters transferred 


22 


One-Character Transfer 


30 




24 


Sector Transfer by Character 


30» 


n — no. of characters transferred 


25 


Three-Character Transfer 


30 




26 


Sector Transfer by Tetrad 


30» 


« = no. of tetrads transferred 


27 


Random Distribute^ 


33«i + 18kj + 45«3 


»i = total no. of characters transferred 

«2 — total no. of characters whose distribution 

address is {,111111)% 
m — no. of distribution addresses left when EM 

is found (the address of the EM must be 

included in m) 


31 


Locate «th Symbol in Sector 


15»« + 30« + 45 


n = no. of occurrences counted 
m = total no. of locations searched 


32 


Zero Suppress 


a. 15OT + 30» + 15 

b. 15n; + 30» 

c. 30 


a. In the usual case 

b. If ZS terminated by A-B equality 

c. If no zeros or spaces found 
m = no. of spaces preceding 

1st non-space character 
n — no. of zeros suppressed 


33 


Justify Right 


30m + 30wj 


n ~ no. of space and/or minus characters to the 
right of the rightmost non-minus, non- 
space character 

m = no. of non-space, non-minus characters 
(including ISS) transferred 


34 


Sector Clear by Character 


15» 


« = total no. of locations cleared 



* STA and staticizing tinie are not included in the formulas. 

t Time here is in milliseconds. 

t Magnetic tape time. Time for the Monitor Printer is 10 char. /sec; for the 

Monitor Print and Paper Tape Read is negligible and need not be computed. 
# Timing formula is weighted average. 



Paper Tape Reader, 400 char. /sec. Start time for 
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APPENDIX VI. INSTRUCTION TIMING* (Continued) 


Op 
Code 


Instruction 


Timing in fH 


Expository Notes 


35 


Sector Compress — Retain 
Redundant ISS's 


15» -f- I5m 


m = total no. of characters in original sector 
» = total no. of characters actually transferred 


36 


Sector Clear by Tetrad 


15» 


« = no. of tetrads cleared 


37 


Sector Compress — Delete 
Redundant ISS's 


15« + 15ot 


m = total no. of characters in original sector 
n = total no. of characters transferred 


41 


Binary Add 


45« 


» — no. of characters in augend 


42 


Binary Subtract 


45» 


« — no. of characters in minuend 


43 


Sector Compare 


45» 


« = no. of characters in minuend 


44 


Three-Character Add 


45» 


» = 1, 2, 3, or 4 


45 


Three-Character Subtract 


45» 


« = 1, 2, 3, or 4 


46 


Logical "or" 


45» 


» = no. of characters in operand to be modified 


47 


Logical "and" 


45m 


» = no. of characters in operand to be modified 


51 


Decimal Add 


15«i + 45«2 + 30«i + 90 


»i = total no. of space and/or minus characters 
found to the right of both operands 

«2 = no. of digits in the shorter operand 

m = difference in no. of digits of the two 
operands 

If neg. result, add 30 (« + 1) + 15 

» = no. of digits in sum 


52 


Decimal Subtract 


Same as Decimal Add 




53 


Decimal Multiplyt 


a. «i > and «2 > 

.015 [10+ (12», + 32) «j] 
+ .015»3 

b. ni — and mi > 

.015 (»2 + »3 + 3) 

c. til — and »i > 

.015 (»i + «s -f- 3) 

d. «i = and n^ — 

.015 (». + 3) 


til — no. of digits in multiplicand 
«j = no. of digits in multiplier 
Ms — total no. of spaces (including sign) and/ 
or minuses to right of LSD's of operands 


54 


Decimal Dividet 


a. n, ^ »2 

.015 [26»i - 7»2 + 15«j 
(«. - mO +41] + .015«, 

b. «i < «2 

.015 (3«i + »2 + 12) + .015«3 

c. «i = (dividend missing, 
i.e., an ISS alone or all spaces 
and an ISS) 

.015 («2 + 7) + .015«j 


»i = no. of digits in dividend 

»2 = no. of digits in divisor 

«, = total no. of spaces (including sign) and/ 

or minuses to the right of LSD's of 

operands 


61 


Conditional Transfer of Control 


a. Staticizing time only 

b. 15 


a. If zero path taken 

b. If plus or minus path taken 


62 


Sense Simultaneous Mode 


15 




63 


Tape Sense 


a. 30 

b. 45 


a. If no transfer of control 

b. If transfer executed 


65 


Sense Simultaneous Gate 


15 




66 


Tally 


a. 30 

b. 60 


a. If quantity tested is (000000)8 

b. If quantity greater than (000000) s 


71 


Transfer Control 


15 




72 


Set Register 


a. 15 

b. 30 


a. Set P, T, or PRI's 

b. Set A Register 


73 


Store Register 


15 




75 


Control Simultaneous Gate 


15 




76 


Stop 


Stat. & STA time only 




77 


Return After Interrupt 


15 





See footnotes on page 74. 
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STANDARD HIGH-SPEED MEMORY LOCATIONS 
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APPENDIX VII. STANDARD HIGH-SPEED MEMORY LOCATIONS 
AND LIST OF ADDRESS MODIFIERS 



HSM Locations 
000001-000003 



000004 - 000007 
000010-000013 
000014-000017 



000020 - 000027 



000030-000037 



000040 - 000047 



Use 

Return After Interrupt. The RAI 
instruction effects a transfer of 
control to the instruction address 
stored in these locations. 

Utilized by arithmetic instruc- 
tions, for temporary storage of 
addresses, in lieu of special regis- 
ters. (The contents of these loca- 
tions are not useful to the pro- 
grammer.) 

Storage locations for read (in- 
cluding unwind and rewind) in- 
structions after staticizing and 
address modification. 

Storage locations for write in- 
structions after staticizing and 
address modification. 

If a read or write instruction con- 
tains an N character other than 
(00)8, the instruction will be 
stored with the A and/or B ad- 
dress modified and the N char- 
acter changed to (00)8. 

Rollback entrance — Normal. Con- 
trol transferred to 000040 if the 
instruction in which the error 
occurred was in the Normal 
Mode. 



HSM Locations 
000050 - 000057 



000111-000113 (A.M. 1) 
000131-000133 (A.M. 3) 
000151-000153 (A.M. 5) 
000171-000173 (A.M. 7) 

000200 



Use 

Rollback entrance — Simultaneous. 
Control transferred to 000050 if 
the instruction in which the error 
occurred was in the Simultaneous 
Mode. 



Static Address Modifiers. 



Control transferred to this ad- 
dress if a Paper Advance is 
sensed (Sense Simultaneous Mode 
instruction) in the Simultaneous 
Mode. 



000221- 


000223 


STA and A.M. 2. 


000241- 


000243 


STP 
ADDRESS MODIFIERS 


Octal Digit* 


Location of Modifier 







No Modifier 


1 




HSM locations 000111-000113 


2 




HSM locations 000221 - 000223 (STA) 


3 




HSM locations 000131-000133 


4 




P Register 


5 




HSM locations 000151-000153 


6 




T Register 


7 




HSM locations 000171-000173 



* Either digit of the N character of an instruction. 
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APPENDIX VIII. GLOSSARY 



Access Time. A time interval which is characteristic of 
a storage device, and is essentially a measure of the 
time required to communicate with that device.* 
The time interval between (1) the instant at which 
information is called for from storage and the 
instant at which it is delivered or (2) the instant 
which information is ready for storage and the 
instant at which it is stored. 

Accuracy. The quality of freedom from mistake or error, 
that is, of conformity to truth or to a rule. Accuracy 
is distinguished from precision as in the following 
example: A six-place table is more precise than a 
four-place table. However, if there are errors in 
the six-place table, it may be either more or less 
accurate than the four-place table.* 

Address (noun). An expression, usually numerical, 
which designates a particular location in a storage 
or memory device or other source or destination of 
information.* 

Absolute Address (Actual Address). The specific 
label assigned by the machine designer to a par- 
ticular storage location. To code in absolute means 
to write a sequence of instructions in a computer 
code. 

Instruction Address. (Line Number, Location). An 
expression used in coding to denote the address of a 
stored instruction. NOT a part of the instruction 
itself. 

Symbolic Address. A label expressed in a pseudo- 
code. To code using symbolic addresses implies 
that the sequence of instructions must be translated 
into absolute before being executed by a computer. 
Relative addresses are those symbolic addresses 
which are translated into absolute by sequencing 
from some specific "reference" address. 

Address Modifier. See text, page 14, and Appendix VII. 

Batch. Several groups of items in sequence, each sepa- 
rated by a special symbol and the entire grouping 
bracketed by SM-EM. (This is contrasted to a 
single group of related items for a message.) 

Beginning of Tape Control (BTC). A "window" placed 
at the beginning of a magnetic tape, where record- 
ing of data is not possible and which can be sensed 
photoelectrically. 

Binary Digit. See Digit. 

Binary Representation. See Positional Notation. 

Bit. Contraction of Binary Digit. 

Block. See page 6. 

* Institute of Radio Engineers definition. 



Breakpoint Switch. There are 6 two-positional break- 
point switches on the Console in the RCA 501 
System. When one of these is in the "ignore" posi- 
tion and the related control bit is present in Bj of 
a Transfer Control (71) instruction, the transfer 
will not take place; instead, the program will pro- 
ceed to the next instruction in sequence. 

Buffer. A storage device used to compensate for a differ- 
ence in rate of flow of information or in time of 
occurrence of events when transmitting information 
from one device to another, as from an input device 
to the High-Speed Memory, or from the High- 
Speed Memory to an output device. 

Carry. ( 1 ) A condition occurring during addition when 
the sum of two digits in the same column equals 
or exceeds the base number. (2) The digit to be 
added to the next higher column. 

Character. One of a set of elementary symbols which 
may be arranged in ordered aggregates to express 
information. These symbols may include decimal 
digits through 9, the letters A through Z, punctu- 
ation symbols, typewriter symbols, and any other 
symbols which a computer may read, store, or write. 
See Appendix II for list of RCA characters. 

Code (noun). A system of symbols and rules for 
their use in representing information. A language. 

Pulse Code. The binary representation of characters. 

Operation Code. The code representing an opera- 
tion (add, subtract, transfer, etc.) built into the 
hardware of the computer. 

Complement (noun). A quantity which is derived from 
a given computer quantity by the following rules. 

a. Complement on n (as in tens complement). 
Subtract each digit of the given quantity from 
M-1, add unity to the least significant digit, and 
perform all resultant carries. 

b. Complement on «-l (as in nines complement). 
Subtract each digit of the given quantity from 
«-l. 

Constant. A number is said to be a constant if it has 
the same value under all conditions. For example, 
in the formula (area of a circle) = Pi X (radius)^, 
Pi is a constant, equal to 3.14159 , which ap- 
plies to all circles. 

Control Symbol. A character used to indicate the begin- 
ning or the end of a unit of data (item, message, 
file, etc.). 

Counter. A device (register or storage location) for 
storing integers, permitting these integers to be 
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increased or decreased by unity or by an arbitrary 
integer, and capable of being reset to zero or to an 
arbitrary integer. 
Criterion (Key). A group of characters, usually com- 
prising an item, used to identify a message. 

Decimal Number System. See Positional Notation. 

Digit. One of the n symbols of integral value ranging 
from to «-l, inclusive, in a scale of numbering of 
base n. 

Binary Digits are and 1. 
Octal Digits are through 7. 
Decimal Digits are through 9- 

Edit. To rearrange information. Editing may involve the 
deletion of unwanted data, the selection of per- 
tinent data, the insertion of invariant symbols such 
as page numbers and typewriter characters, and the 
application of standard processes such as zero 
suppression. 

End Data Symbol. See Organization of Data on Tape 

End File Symbol. See Organization of Data on Tape 
(text). 

End Message Symbol. See Organization of Data on Tape 
{ttyit). 

End of Tape Warning (ETW). A warning generated by 
a metal strip located 15 to 20 feet before the physi- 
cal end of tape. 

File. See Organization of Data on Tape (text). 

Flip-Flop. A device having two stable states and two 
input terminals (or types of input signals), each 
of which corresponds to one of the two states. 
(The two states may be considered as corresponding 
to "off" and "on," or to binary and 1. The circuit 
remains in either state until it is caused to change to 
the other state by application of the corresponding 
signal.* 

Gap. See Organization of Data on Tape (text). 

High-Speed Memory. Magnetic core storage in the Com- 
puter in the RCA 501 System. See also Storage. 

High-Speed Memory (HSM) Location. A unit of mag- 
netic core storage (High-Speed Memory) which 
can store (hold, remember) one RCA character 
(one octal number, two octal digits). 

Input. (1) Information transferred into the computer. 
(2) The device by means of which information is 
fed into the computer.* 

Instruction. A set of symbols which directs the computer 
to take a given action. 

* Institute of Radio Engineers definition. 



Intermessage Gap. See Organization of Data on Tape 
(text). 

Item. See Organization of Data on Tape (text). 

Item Separator Symbol (ISS). Control symbol desig- 
nating the beginning of an item. 

Jump Table. Record indicating executed transfers out of 
program sequence. 

Justify. Shift an operand to effect right or left columnar 
alignment. 

Key. See Criterion. 

Une. See Organization of Data on Tape (text). 

Location. See High-Speed Memory (HSM) Location; 
Address; Storage. 

Mask. A pattern consisting of and/or 1 bits, used to 
alter the bit configuration of an operand. 

Memory. See Storage. 

Message. See Organization of Data on Tape (text). 

Number System. See Positional Notation. 

Octal. See Positional Notation. 

Octonary. See Positional Notation. 

Operand. Any one of the quantities entering into an 
operation.* 

Output (noun). (1) Information transferred from the 
computer to external storage.* (2) The device to 
which the computer delivers information. 

Fatch (noun). A section of coding inserted into a rou- 
tine (usually by explicitly transferring control from 
the routine to the patch and back again) to correct 
a mistake or alter the routine. 

Positional Notation. One of the schemes for represent- 
ing numbers, characterized by the arrangement in 
sequence of digits which are to be interpreted as co- 
efficients of successive powers of an integer called 
the base of the number system. 
In the binary number system the successive digits 
are interpreted as coefficients of the successive pow- 
ers of the base 2, just as in the decimal number 
system they relate to successive powers of the base 
10. 

In the ordinary number systems the digits are sym- 
bols which stand for zero and for the positive 
integers smaller than the base. 

Names of number systems with base from 2 to 20: 
binary, ternary, quaternary, quinary, senary, sep- 
tenary, octonary (also octal), nonary, decimal un- 
decimal, duodecimal, terdenary, quaterdenary, quin- 
denary, sexadecimal, (also hexadecimal), septen- 
decimal, octodenary, novendenary, and vicenary. 
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The sexagenary number system has a base of 60. The 
commonly used alternative of saying "base-3", 
"base-4", etc., in place of ternary, quaternary, etc., 
has the advantage of uniformity and clarity.* 

Random Access. Access to storage under conditions in 
which the next position from which information is 
obtained, or to which it is delivered, is in no way 
dependent on the previous one. 

RCA Character. See the RCA 501 Code, Appendix II. 

Rerun, Rollback. See Appendix I. 

Rewind. Move a tape in a backward direction. 

Rollback. See Appendix I. 

Sector. An area in the High-Speed Memory whose begin- 
ning and ending addresses are designated by the 
instruction. 

Sign Position. The location to the right of the least 
significant digit of an item. 

Standard Memory Locations. Designated locations in 
the HSM which are used for Address Modifiers, 
automatic storage of the final contents of the A 
Register, etc. (See Appendix VII). 

Start Message Symbol. See Organization of Data on 
Tape (text). 

Start Time. Time between the command to start an 
input-output device and the reading or writing of 
the first character. 

Storage (Memory). A device into which units of infor- 
mation can be transferred, which will hold this 
information, and from which the information can 
be obtained at a later time. 



Internal Primary Storage. Storage facilities forming 
an integral physical part of a computer. 

Location. A storage position in the High-Speed 
Memory. Each location has a specific address and 
can hold one RCA character. 

Register. A storage device with a specifically as- 
signed function and a given unit capacity. Registers 
in the Computer in the RCA 501 System are of 
one, three or four-character capacity. 

External (Secondary) Storage. Storage facilities 
which are not an integral part of the computer 
proper, but comprise units of the data-processing 
system (magnetic tape, paper tape, etc.) 

Working Storage. A portion of the internal storage 
reserved for intermediate and partial results during 
computation. 

Symbols, RCA Code. See Appendix II. 

Tetrad. A unit consisting of four consecutive HSM loca- 
tions or the contents thereof. A tetrad starts in a 

( 0)5 or ( 4)3 address and ends in 

( 3)s or ( 7)5 address, respectively. 

A tetrad address, however, is any one of its four 
location addresses. 

Unwind. Move a tape in the forward direction. 

Variable Item Length. See page 8. 

Word (in Electronic Computers). An ordered set of 
characters comprising the normal unit in which in- 
formation may be stored, transmitted, or operated 
upon in a fixed-word or fixed-variable-word 
computer. 



* Institute of Radio Engineers definition. 
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APPENDIX IX. ABBREVIATIONS USED IN TEXT 



ABE A Counter and B Counter Equality Flip-Flop 

AOR Adder Output Register 

BA Binary Add (41) 

BRF Block Read Forward (15) 

BRR Block Read Reverse (05) 

BS Binary Subtract (42) 

BTC Beginning of Tape Control 

CIG Character present in the Gap 

CSG Control Simultaneous Gate (75) 

CTC Conditional Transfer of Control (61) 

DA Decimal Add (51) 

DD Decimal Divide (54) 

DM Decimal Multiply (53) 

DS Decimal Subtract (52) 

ED End Data Symbol 

EF End File Symbol 

EM End Message Symbol 

EMP Electro-Mechanical Printer 

ETW End of Tape Warning 

f Used as subscript to denote "final" 

HSM High Speed Memory 

i Used as subscript to denote "initial" 

ISS Item Separator Symbol 

IT Item Transfer (21) 

JR Justify Right (33) 

KC Thousand Characters Per Second 

L to R Left to Right 

LA Logical "and" (47) 

LNS Locate wth Symbol in Sector (31) 

LO Logical "or" (46) 

LRF Linear Read Forward (14) 

LRR Linear Read Reverse (04) 

LS Line Shift 

LSC Least Significant (or rightmost) Character 

LSD Least Significant Digit 

LW Linear Write (12) 

MSC Most Significant (or leftmost) Character 

MSD Most Significant Digit 

MSW Multiple Sector Write (13) 

NO Normal Operation (Register) 

OCT One-Character Transfer (22) 

PA Paper Advance (03) 

PC Page Change 



PET 


Physical End of Tape 


PR 


Print (02) 


PRI's 


Previous Result Indicators 


PRN 


Previous Result Negative 


PRP 


Previous Result Positive 


PRZ 


Previous Result Zero 


PS 


Potentially Simultaneous 


RtoL 


Right to Left 


RAI 


Return After Interrupt (77) 


RD 


Random Distribute (27) 


RNS 


Rewind » Symbols (16) 


RWD 


Rewind to Beginning of Tape Control (17) 


SC 


Sector Compare (43) 


sec 


Sector Clear by Character (34) 


SCD. 


Sector Compress — 




Delete Redundant ISS's (37) 


SCR 


Sector Compress — 




Retain Redundant ISS's (35) 


SCT 


Sector Clear by Tetrad (36) 


SET 


Set Register (72) 


SM 


Start Message Symbol 


SO 


Simultaneous Operation (Register) 


SR 


Select Read (Register) 


SSG 


Sense Simultaneous Gate (65) 


SSM 


Sense Simultaneous Mode (62) 


SSW 


Single Sector Write (11) 


ST 


Stop (76) 


STA 


Store A Register (automatic storage of final 




contents of A Register) 


STC 


Sector Transfer by Character (24) 


STP 


Store P Register (automatic storage of con- 




tents of P Register) 


STR 


Store Register (73) 


STT 


Sector Transfer by Tetrad (26) 


SW 


Select Write (Register) 


TA 


Tally (66) 


TC 


Transfer Control (71) 


TCA 


Three-Character Add (44) 


TCS 


Three-Character Subtract (45) 


TCT 


Three-Character Transfer (25) 


TS 


Tape Sense (63) 


UNS 


Unwind « Symbols (06) 


VT 


Vertical Tabulation 


ZS 


Zero Suppress (32) 



81 



NOTES 




Form P501-S 



Printed in U.S.A. 



